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THE 

ANJflVERSARY  ADDRESS  OF  THE  PRESIDENT, 

WARINGTON  SMYTH,  F.R.S., 
To  the  General  Meeting,  5th  November,  1886. 


The  Reports  of  yonr  Council  and  of  the  Officers  testify  to  the 
continued  well-being  of  the  Society.  Our  numbers  are  kept 
up  welL  The  Library  is  greatly  increased  and  improved,  and 
a  few  additions  have  been  made  to  the  specimens  in  the  Museum. 
It  is  satisfactory  to  find  that  the  collection  of  minerals,  which 
we  desire  to  get  fully  and  completely  labelled,  contributes  to  the 
attractions  of  this  part  of  the  county,  seeing  that  a  large  number 
of  yisitors  take  advantage  of  the  facilities  offered  by  the  gratuitous 
exhibition  of  the  collections. 

We  have  suffered  during  the  past  year  losses  by  the  decease 
of  several  members  of  our  Society,  of  which  I  must  with  deep 
regret  remind  those  present  on  this  occasion.  In  Mr.  John 
Hallet  Batten  we  have  lost  an  associate  and  a  former  active 
Honorary  Secretary,  of  whom  mapy  of  our  body  and  a  large 
number  of  accidental  visitors  will  assuredly  cherish  a  pleasant 
recollection.  Freed  after  his  long  years  of  service  in  India  from 
official  labours,  he  turned  to  good  account  the  early  lessons  he 
had  received  at  Charter  House  and  Haileybury,  and  the  various 
knowledge  acquired  during  a  succession  of  offices  held  in  India, 
culminating  in  the  important  position  of  Commissioner  of  Kumaon, 
in  the  North- Western  Provinces.  He  contributed  during  his 
residence  in  India,  besides  his  official  reports,  sundry  papers  to 
the  Asiatic  Society  of  Bengal,  and  to  Indian  and  home  journals. 
He  farther  assisted  our  late  associate,  Mr.  W.  Jory  Henwood,  in 
his  Indian  explorations,  and  he  gave,  as  will  be  recollected,  a 
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vivid  account  of  the  serious  landslip  at  Kynee  Tal,  a  delightful 
and  health-giving  lesort,  the  origin  of  which  was,  we  believe, 
chiefly  due  to  our  late  friend. 

Mr.  Batten,  after  several  years'  residence  in  Penzance,  was  tempted 
to  move  to  Exeter,  where  he  seems  again  to  have  distinguished 
himself  by  his  activity  and  good-humoured  willingness  to  assist 
in  any  work  that  appeared  likely  to  promote  the  well-beiug  and 
improvement  of  the  city  and  county  in  which  he  resided. 

Another  and  very  grievous  loss  has  been  experienced  in  the 
untimely  death  of  our  young  and  esteemed  friend,  Mr.  J.  Bernard 
Magor.  Distinguished  as  a  student,  and  on  several  occasions 
selected  a  prizeman,  he  had  grappled  with  the  Natural  History 
sciences  in  an  energetic  spirit^  and  brought  out  several  papers 
which  gave  promise  of  a  shining  light  in  the  intellectual  atmos- 
phere of  Penzance,  and  bid  fair  to  secure  him  for  the  position 
of  one  of  the  worthies  of  the  county.  But  the  high  hopes  of 
his  many  friends  were  doomed  to  be  frustrated,  for  a  painful 
disorder  cut  short,  on  the  last  day  of  August,  a  career  of  probably 
very  exceptional  usefulness. 

Mr.  Charles  William  Peach,  bom  in  September,  1800,  was  a 
remarkable  instance  of  the  love  of  Natural  History  and  of  its 
application  to  Greological  inquiry  which  inspires  some  few  persons, 
even  though  occupied  with  numerous  official  duties,  to  apply 
their  energies  at  all  available  moments  to  studies  by  which  they 
may  acquire  and  advance  knowledge.  Attached  to  the  Coastguard 
in  the  eastern  part  of  the  county,  Mr.  Peach,  then  riding-officer 
of  Her  Majesty's  Customs  at  Gorran  Haven,  was  the  first  to 
discover  organic  remains  in  the  arenaceous  rocks  of  that  neighbour- 
hood. This  may  be  said  to  have  been  the  beginning  of  a 
reasonable  foundation  of  the  stratigraphical  element  in  the 
structural  history  of  GomwalL  It  was  followed  up  by  farther 
discoveries  along  the  coast  from  Charlestown  to  Fowey,  Polperro, 
and  Mellendreath  beyond  East  Looe ;  and,  much  to  the  astonish- 
ment of  many,  and  the  dismay  of  some  adherents  of  the  old 
view  of  the  "  primary  "  character  of  the  killas,  it  was  announced 
that  the  fossil  remains  of  fishes  had  been  found  at  a  series  of 
those  localities.     About  this  time  Peach  speaks  of  Hugh  Miller's 
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admiiable  work  on  the  Old  Eed  Sandstone  as  a  book  ''which 
I  haye  read  with  a  most  heart  and  soul  sympathy  with  the 
anthor ;"  and  referring  to  a  hint  thrown  out  by  onr  then  President, 
Sir  Charles  Lemon,*  exclaims  in  triumph,  ''I  feel  it  a  high 
happiness  now  to  be  able  to  say  with  certainty  that  we  in  this 
county  do  'live  within  their  domain,'  and  that  the  remains  of 
these  '  strange  animals '  have  been  found  in  our  rocks." 

The  specimens  produced  in  1841  were  very  obscure,  "still  to 
me,"  he  continues,  ''  they  were  valuable  as  connected  with  other 
forms  which  I  noticed  in  the  rocks,  and  which,  from  their 
delicacy  and  the  friable  nature  of  the  matrix  in  which  they  were 
embedded,  could  not  be  removed.  Thus  the  fossil  fish  of  Corn- 
wall were  firmly  fixed  in  my  mind,  and  in  fancy  floated  before 
my  eyes,  and  I  felt  a  great  desire  to  convince  others  that  they 
existed  not  only  in  fancy,  but  in  reality ;  but  little  did  I  think 
that  the  proof  which  I  now  have  the  pleasure  of  laying  before  the 
Society  would  be  of  such  a  triumphant  character  or  so  complete, 
for  complete  it  is.  And  I  have  the  gratification  of  saying,  that 
some  of  the  most  distinguished  geologists  of  the  present  day  have 
pronounced  the  specimens  produced  beautiful  and  good  ones,  and 
that  they  belong  to  the  fossil  fishes  of  a  very  ancient  date." 

His  literary  activity  was  so  considerable  that  no  less  than 
fifty-eight  articles  from  his  pen  are  mentioned  in  the  Bihliotheca 
Comuhiensis, 

Needless  to  say  that  this  enthusiastic  spirit,  coupled  with  his 
industry  and  his  keen  eye  for  observation,  brought  him  into 
prominent  notice  in  the  geological  world,  and  that  when  trans- 
ferred to  a  new  post  at  Wick,  in  north-eastern  Scotland,  these 
same  qualifications  stood  him  in  good  stead  and  secured  the 
friendship  of  all  classes  of  observers. 

For  several  years  past  Mr.  Peach  enjoyed  his  well-merited 
pension  on  retirement  from  active  official  life,  and  had  the 
satisfaction  of  seeing  his  son  following  his  scientific  footsteps 
as  an  industrious  and  trustworthy  member  of  the  Government 
Creological  Survey  of  Scotland. 

*  Address  of  Sir  Charles  Lemon^  Bart.,  fi.  Geol,  Soc,  of  Cornwall,  184^. 
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Our  Society  and  the  county  have  lost  another  notable  example 
of  eminence  attained  by  a  man's  own  exertions  and  fulness  of 
brain  power.  Mr.  William  Teague,  of  Treliske,  has  been,  amongst 
our  mine  managers  of  the  past  generation,  one  of  those  whose 
shrewdness  and  common-sense  were  most  prominently  marked, 
and  who  appears,  in  other  capacities  than  that  of  a  mine  captain, 
to  have  been  able  not  only  to  take  a  leading  part,  but  to  inspire 
a  remarkable  degree  of  confidence  in  those  with  whom  he  was 
associated.  It  is  much  to  be  deplored,  from  a  public  point  of 
view,  that  he  should  have  been  removed  from  his  sphere  of 
usefulness  at  a  time  when  the  mining  enterprise  of  Cornwall, 
although  in  some  respects  much  improved,  is  nevertheless  in 
other  points  still  in  a  critical  state. 

In  addressing  you  on  the  occasion  of  the  annual  meeting 
of  last  year,  I  had  the  pleasure  of  inviting  your  attention  to 
some  of  the  principal  bearings  of  the  discovery  of  Tertiary  Shells 
in  the  clay  bed  of  St  Erth.  Since  that  time,  by  virtue  of 
special  arrangements  with  the  late  lamented  Mr.  Mills,  vicar 
of  the  parish,  as  the  pit  is  situate  in  the  glebe  land,  several 
persons  have  sought  to  augment  the  importance  of  the  find 
by  adding  to  the  number  of  the  species.  But  in  particular  I 
have  to  mention  that  a  grant  from  the  government  fund,  ad-' 
ministered  by  the  Eoyal  Society,  was  awarded  to  two  gentlemen 
specially  fitted  to  take  up  such  an  exploration  for  the  farther 
prosecution  of  the  enquiry.  One  of  these,  Mr.  Robert  William 
Bell,  well  known  to  the  scientific  world  as  an  accomplished  palseo- 
conchologist,  has  been  obliging  enough  to  prepare  for  our  meeting 
of  to-day  a  paper  giving  some  account  of  progress  made.  The 
fuller  details  will  require  much  farther  working  out,  but  the 
sketch  thus  kindly  presented  to  you  is  illustrated  by  the  two 
cases  of  accurately  determined  species  sent  by  Mr.  Bell,  and  now 
placed  for  inspection  on  the  table. 

A  contribution  from  our  former  Curator,  Dr.  Foster,  of  a 
specimen  of  the  new  Manganese  ore  of  Merionethshire,  invites 
me  to  say  a  few  words  in  explanation  of  a  curious  and  instruc- 
tive phase  in  local  mining.  Years  ago  various  little  irregular 
workings  along  continuous  lines  were  opened  amongst  the  rugged 
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Cambrian  rocks  extending  from  Barmouth  northward;  but  the 
biack  oxide  became  scarce  and  poor,  we  were  swamped  with 
German  and  Spanish  ores,  and  the  Welsh  mines  were  practically 
shut  np  for  the  last  forty  years.  Kow  on  a  sudden  a  new 
opening  is  discovered  in  the  smelting  of  ferrtHnanganese  for 
steel  making:  what  was  formerly  refuse  turns  out  to  be  a 
eirbonate  and  silicate  of  Manganese  giving  a  percentage  of  about 
30;  the  deposit  proves  to  be  a  bed  (not  a  vein)  of  about  2  to  2^ 
feet  thick,  and  a  large  part  of  the  area  of  this  wild  Cambrian 
monntain  group  from  Barmouth  to  Harlech  is  now  the  scene 
of  mining  exploration  and  the  busy  erection  of  incline  tram- 
ways. 

It  is,  I  doubt  not»  in  common  with  many  others  that  I  have 
daring  the  last  few  months  devoted  attention  and  thought  to  the 
snbject  of  earthquakea  Regarded  from  the  earliest  period  of 
human  history  as  the  most  terrible  and  unaccountable  of  natural 
phenomena,  they  appear  of  late  to  have  exercised  their  sinister 
action  more  frequently,  if  not  more  destructively,  than  in  former 
ages.  Is  it  possible,  we  may  be  inclined  to  ask,  as  the  world 
increases  the  rigidity  of  age,  and  slowly  but  certainly  loses  the 
warmth  of  its  youth,  that  it  is  fated  to  be  more  and  more 
subject  to  these  dread  visitations,  and  that  regions  hitherto  free 
should  hereafter  be  ravaged  by  the  same  influences  that  have  so 
lately  spread  death  and  destruction  in  Southern  Spain,  in  Ischia, 
in  Croatia,  in  North  America,  and  in  Greece  ? 

Those  who  study  the  catalogues  of  earthquakes  as  given  to  us 
by  the  late  Mr.  Mallet,  by  M.  Perrey,  of  Dijon,  by  Professor 
CKEeilly*  and  others,  cannot  but  see  that  the  numbers  have 
actually  increased ;  but  this  may  be  answered  by  the  observation 
that  in  old  times  the  more  serious  cases  only  used  to  be  recorded, 
whilst  at  the  present  day  not  only  is  the  number  of  observers 
greatly  increased,  but  the  general  progress  of  science,  and  especially 
of  geology,  has  raised  a  more  general  spirit  of  enquiry,  and 
has  led  to  the  employment  of  instruments  for  the  detection  of 

*  See  the  recently  published  elaborate  '*  Catalogue  of  Earthquakes  recorded 
for  Europe  and  adjoining  Countries."  Over  200  4to  pages.  By  Professor 
J.  O'Reilly,  O.K.,  Trans,  Ray.  Irish  Acad.     Dublin,  1886. 
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movements  which  otherwise  might  have  passed  unnoticed.  The 
early  accounts^  both  in  sacred  and  profane  writings,  dealt  with 
the  subject  almost  entirely  as  a  narrative  of  the  disasters  occa- 
sioned ;  and  although  that  great  master  of  comprehensive  observa- 
tion, Aristotle,  attempted  a  classification  of  the  different  varieties 
of  earthquake,  no  observations  of  a  scientific  character  appear 
to  have  been  made  in  Europe  until  a  very  recent  period.  We 
are  informed,  however,  that  in  the  early  cradle  of  civilization  in 
the  far  East  these  phenomena  were  more  closely  investigated,  and 
an  ingenious  instrument  for  indicating  the  direction  of  earthquake 
vibrations  was  constructed  by  one  Ch6ko,  a  Chinese,  in  the  year 
A.D.  136 ;  and  for  some  hundreds  of  years  before  that  date  records 
of  such  occurrences  had  been  kept  both  in  China  and  Japan. 

Perhaps  it  may  be  said  that  the  systematic  discussion  of  earth 
movements — seismology — only  took  its  place  as  a  science  on  the 
publication  of  Mr.  Mallet's  Reports  on  his  prolonged  investigation, 
by  the  aid  of  the  Eoyal  Society,  of  the  disastrous  earthquake 
of  Southern  Naples  in  1857;  and  1  am  tempted  more  particularly 
to  dwell  on  the  subject  in  consequence  of  the  receipt  from  time  to 
time  of  volumes  of  interesting  matter  in  the  Transactions  of  the 
Seismological  Society  of  tliat  hot-bed  of  earthquakes,  Japan,  books 
in  the  English  language,  well  printed  on  the  spot,  and  contributed 
to  by  natives  as  well  as  Europeans.  Moreover,  in  the  present  year 
a  very  readable  summary  of  the  subject  has  been  published*  by 
Professor  John  Milne,  of  Tokio,  who  has  done  so  much  in  fostering 
the  scientific  activity  of  the  young  Japanese.  Professor  Milne  has 
founded  a  large  part  of  his  material  on  experiments  and  observations 
made  during  an  eight  years'  residence  in  Japan,  where  he  had  the 
opportimity  of  recording  an  earthquake  every  week ! 

In  an  ofb-quoted  passage,  a  philosophical  Latin  poetf  notes  the 
satisfaction  with  which  an  easy-going  person,  standing  on  terra 
firma,  may  watch  the  troubles  of  someone  else  who  is  encountering 

*  Earthqtuxkes  and  Other  Earth  Movements,  by  John  Milne.  London : 
Eegan  Paul,  and  Co.     1886. 

t  **  Suave  man  magno  turbantibus  sqaora  ventis 
£  terrd  magnum  alterius  spectare  laborem." 

Lucretius,  De  Herum  If  at. 
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ilie  seas  of  a  stiff  gale.  I  am  afraid  that  many  of  ns^  living  in  a 
region  which  has  enjoyed  immunity  from  such  disasters,  hardly 
appreciate  either  the  horrors  of  the  situation  in  what  may  he 
called  earthquake  countries,  or  the  interesting,  hut  at  the  same  time 
aomewhat  oncomfortahle,  fact,  fhat  manifestations  of  this  kind, 
moote  or  less  perceptible,  are  fsx  more  frequent  and  generally 
disfcriboted  than  we  used  to  imagine. 

We  are  all  aware  that  one  class  of  earthquakes  are  intimately 
eonnected  with  volcanic  outbursts,  and  indeed  that  a  shaking 
of  the  earth,  more  or  less  violent,  often  precedes,  and  often  also 
accompanies,  the  outbreak  of  the  other  phenomena  of  volcanism ; 
bat  we  have  to  remember  that  the  earthquake  makes  its  disastrous 
entry  not  unfrequently  into  countries  where  nothing  of  a  volcanic 
character  is  known,  as  now  from  tlie  end  of  August  to  the  present 
day,  with  a  succession  of  shocks  which  have  shaken  the  fine  city 
of  Charleston  into  ruins.  And  it  seems  only  a  faint  light  to 
throw  upon  its  causation,  that  Major  Powell,  of  the  U.S.  Army, 
asserts  that  the  direction  of  the  chief  axis  of  the  disturbance  was 
along  a  line  of  Postquatemary  dislocation  on  the  east  flank  of  the 
Appalachian  chain ;  whilst  Professor  O'Keilly,  of  Dublin,  finds 
that  the  alignment  follows  the  course  of  a  great  circle.  Take  the 
case  of  Agram,  in  Croatia,  far  away,  as  one  would  conceive,  from 
anything  of  a  volcanic  or  unstable  kind,  and  yet  cruelly  shaken, 
to  the  great  loss  and  terror  of  its  inhabitants,  for  long  and  weary 
months ;  or  look  at  the  more  fatal  and  harrowing  scenes  enacted  in 
the  South  of  Spain,  in  the  midst  of  a  pleasant  country  of 
Secondary  and  Tertiary  sedimentary  strata,  a  mingling  of  moderate 
hiUs  and  fertile  plains.  The  occasional  slight  shocks  which  have 
been  felt  in  Great  Britain  are  similarly,  to  all  appearance, 
unconnected  with  what  are  called  properly  volcanic  phenomena ; 
and  some  of  them  having  been  the  prolongation  of  earthquakes  of 
the  most  violent  character  elsewhere  have  led  to  much  enquiry 
into  the  subject  Thus  the  great  earthquake  of  Lisbon  in  1755, 
which  overthrew  that  city  in  five  minutes,  and  killed,  it  is  said, 
some  40,000  persons,  was  felt  through  the  whole  of  the  British 
Islands,  and  in  fact  over  an  area  of  3300  miles  long  by  2700 
miles  wida    A  phenomenon  this,  then,  of  a  very  different  character 
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from  the  volcanic  outbursts  which,  with  all  their  magnificent 
display  of  steam  and  lava,  and  dust  and  clouds,  as  well  8B 
deafening  explosions,  and  thunder  and  lightning,  occupy  only 
a  comparatively  small  area  even  in  those  countries  which,  Uke 
Iceland  and  the  Sandwich  Islands,  are  most  remarkable  for  the 
grand  scale  of  their  eruptions.  It  wiU  be  remembered  that 
the  sea  waves  following  upon  the  Lisbon  earthquake  broke  upon 
the  shores  of  Mounts  Bay  at  2  p.m.,  or  4}  hours  after  the  shock 
at  Lisbon,  the  sea  rising  and  falling  through  a  height  of  eight 
feet  at  Penzance,  and  even  more  at  Mousehole  and  Lamoma. 
The  middle  of  last  century,  after  this  terrific  catastrophe,  witnessed 
a  strong  excitement  on  similar  events,  and  a  great  accession  to  the 
already  large  number  of  works  devoted  to  the  subject  In  Italy 
and  Sicily  it  was  naturally  the  case  that  much  stress  was  laid 
on  the  synchronism  of  earthquake  waves  with  volcanic  activity. 
In  the  region  extending  for  only  two  hundred  miles  in  length — 
with  Vesuvius  on  the  north,  Etna  on  the  south,  and  Stromboli 
rather  nearer  to  the  latter  than  the  former — there  are  these  three 
open  vents,  one  of  them  constantly  in  activity,  the  others  breaking 
out  at  intervals  of  from  three  to  five  years;  and  as  the  area 
of  the  districts  shaken  by  the  destructive  earthquakes  of  1 783  and 
1857  is  only  a  little  on  one  side  of  the  line  joining  them,  it  is  no 
wonder  that  the  general  persuasion  has  been  that  the  three  centres 
of  eruption  have  some  kind  of  connection,  and  that  the  discharges 
which  take  place  from  them  act  in  relief  of  the  forces  which  would 
otherwise  produce  earthquakes.  Your  President,  who  passed  a  few 
of  his  earliest  years  in  the  northern  part  of  this  unstable  district, 
on  the  north  flank  of  Vesuvius,  had  early  in  life  this  impression 
instilled  into  him ;  but  he  has  felt  that  the  alleged  proofs  are  not 
satisfactory,  and  observes  several  cases  quoted  by  Professor  Milne 
as  confirming,  at  all  events,  the  view  of  the  frequent  want  of 
synchronism  between  earthquakes  and  volcanic  eruptions. 

Let  us  see  what  a  true  earthquake,  irrespective  of  eniption,  may 
be  defined  to  be.  Mr.  Mallet  says  an  earthquake  "is  the  transit 
of  a  wave  or  waves  of  elastic  compression  in  any  direction  from 
vertically  upwards  to  horizontally,  in  any  azimuth,  through  the 
crust  and  surface  of  the  earth,  from  any  centre  of  impulse,  or 
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more  than  one,  and  which  may  be  attended  with  sound  and  tidal 
waves,  dependent  upon  the  impulse  and  upon  circumstances  of 
position  as  to  sea  and  land." 

The  same  high  authority  pointed  out  how,  by  careful  exam- 
ination of  the  mischief  done  at  the  surface,  it  was  possible  to  plot 
down  the  emergence,  like  the  outcrop  of  a  lode,  of  the  wave- 
path,  and  thus  to  calculate  the  depth  of  the  focus  or  origin  of  the 
blow.  Terming  the  spot  at  surface  directly  over  this  focus  the 
epieentrum,  and  the  plumbline  from  it  the  '^  seismic  vertical,"  the 
depth  of  the  origin  was  in  the  Neapolitan  case  taken  to  be  a  mean 
of  5^  geographical  miles;  and  observations  made  in  the  same 
sense  elsewhere  seem  to  confirm  his  conclusions,  that  this  depth  is 
mostly  within  thirty  miles  of  the  surface.  The  origin,  however, 
would  appear  in  many  cases  to  be,  not  a  point,  but  a  fissure  or  rent 
of  considerable  length. 

There  are  two  aspects  under  which  earthquakes  appear  to  have  a 
special  interest  for  the  mining  part  of  the  community.  One  of 
them  is  the  frequent  formation  of  fissures  such  as  the  miner 
requires  to  understand  for  the  first  step  in  the  formation  of 
his  lodes.  Sir  Charles  Lyell  collected  long  ago  accounts  of  the 
effects  of  the  Calabrian  earthquake  of  1783,  which  formed  certain 
crevasses  of  100  feet  in  width,  and  200  feet  in  deptli,  their 
lengths  varying  from  half  a  mile  to  a  mile,  besides  which  many 
smaller  cracks  of  one  or  two  feet  in  breadth,  and  of  great 
length,  were  formed.  Numerous  other  cases  are  cited,  in  some  of 
which  ejections  of  water,  mud,  and  various  gases  play  a  curious 
part  The  second  point  is,  that  one  has  a  preconceived  notion 
that  earthquakes  would  be  felt  most  readily  below  ground,  and 
that  there  being  in  large  mines  always  some  of  the  men  down 
at  night,  full  notice  would  be  taken  of  anything  so  alarming. 
Let  us  hear  what  was  recorded  nearly  130  years  ago  by  that 
excellent  observer.  Dr.  Borlase  :* 

"On  Friday,  the  15th  of  July,  1757,  a  violent  shock  of  earth- 
quake was  felt  in  the  western  parts  of  Cornwall. 

"About  a  quarter  after  six  p.m.,  the  sky  dusky,  the  wind  being 

•  Natural  History  of  ComicaU.     1758, 
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at  west-north-west,  fell  quite  calm ;  about  half-past  six,  being  then 
in  the  summer-house  at  Keneggy,  the  seat  of  the  Honourable 
J.  Harris,  Esq.,  near  Penzance,  with  some  company,  we  were 
suddenly  alarmed  with  a  rumbling  noise,  as  if  a  coach  or  waggon 
had  passed  near  us  over  an  uneven  pavement ;  but  the  noise  was 
as  loud  in  the  beginning  and  at  the  end  as  in  the  middle,  which 
neither  the  sound  of  thunder  or  of  carriages  ever  is.  The  sash 
casements  jarred ;  one  gentlemcm  thought  his  chair  moved  under 
him ;  and  the  gardener,  then  in  the  dwelling-house  (about  a 
hundred  yards  distant  from  us),  felt  the  stone  pavement  of  the 
room  he  was  in  move  very  sensibly. 

''In  what  place  the  shock  began,  and  whether  progressive  or 
instantaneous  in  the  several  places  where  it  was  felt,  is  uncertain, 
for  want  of  accurately  determining  the  precise  point  of  time  in 
distant  places. 

''The  shock  was  not  equally  loud  or  violent  Its  extent  was 
from  the  Isles  of  Scilly  eastward  as  far  as  Liskeard,  and  towards 
the  north  as  far  as  Camelford,  through  which  district  I  shall  trace 
it  according  to  the  best  informations  I  could  procure. 

"  In  the  Island  of  St.  Mary,  Scilly,  the  shock  was  violent.  On 
the  shores  of  Cornwall,  opposite  to  Scilly  (in  the  parish  of  Senan, 
near  the  Land's  End),  the  noise  was  heard  like  that  of  a  spinning- 
wheel  on  a  chamber  floor.  Below  stairs  there  was  a  cry  that 
the  house  was  shaking ;  and  the  brass  pans  and  pewter  rattled  one 
against  another  in  several  houses  in  the  same  parish.  In  the 
adjoining  parish  of  St.  Just,  two  young  men,  being  then  swimming, 
felt  a  strong  and  very  unusual  agitation  of  the  sea.  In  the  town 
of  Penzance,  in  one  house  the  chamber  bell  rung,  in  another  the 
pewter  plates,  placed  edgeways  on  a  shelf,  shifted,  and  slid  to 
one  end  of  the  shelf;  and  it  was  everywhere  perceived  more 
or  less,  according  as  people's  attention  was  engaged. 

"At  Marazion,  the  next  market  town  east  of  Penzance,  the  houses 
of  several  persons  shook  to  that  degree  that  people  ran  out  into 
the  street^  lest  the  houses  should  fall  upon  them.  In  the  borough 
of  St.  Ives,  on  the  North  Sea,  six  miles  north  of  Penzance,  the 
shock  was  so  violent  that  a  gentleman,  who  had  been  at  Lisbon 
during  several  shocks,  said  that  this  exceeded  all  he  had  met  with, 
except  that  on  the  first  November,  1755,  so  fatal  to  that  city. 

"  At  Tehiddy,  the  seat  of  Francis  Basset,  Esq.,  the  rooms  shook, 
and  the  grounds  without  doors  were  observed  to  move.  The  shock 
was  felt  sensibly  at  Redruth,  St.  Columb,  Bodman,  &c.,  along  to 
Camelford,  which  is  about  90  miles  from  the  isles   of  Scilly. 
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From  Manzion,  eastward,  it  was  felt  at  several  places,  in  like 
maiuiery  as  far  as  Lostwythyel;  bat  at  Liskerd,  about  10  miles 
east  of  Lostwythyel,  it  was  but  faintly  perceived,  and  that  by 
a  few  persons.  It  was  still  less  sensible  at  Loo  and  Plymouth, 
'scarcely  sufficient  to  excite  curiosity  or  fear.'  The  times  of  its 
duration  were  various.  At  Keneggy,  we  thought  the  noise  could 
not  have  lasted  above  six  seconds;  at  Trevailer,  not  two  miles 
distant  to  the  west,  it  was  thought  to  have  lasted  near  half  a 
minute;  in  the  parish  of  Gwynier,  half  a  minute;  but  the 
shaking  felt  in  the  garden  and  observed  in  the  houses  short  and 
momentary.  In  Grermo  great-work,  7  miles  east  of  Penzance,  it 
lasted  only  a  few  seconds;  but  in  the  Isles  of  Scilly  it  was 
computed  at  40  seconds.  So  was  this  earthquake  felt  in  towns, 
houses,  and  grounds  adjacent ;  but  still  more  particularly  alarming 
in  our  mines,  where  there  is  less  refuge,  and  consequently  greater 
dread,  from  the  tremors  of  the  earth.  In  Camroth  Adit,  in  the 
parish  of  St  Just,  the  shock  was  sensibly  felt  18  fathom  deep;  in 
the  mine  called  Boscadzhil-downs,  more  than  30  fathom.  At 
Huel-rith  mine,  in  the  parish  of  Lannant,  people  saw  the  earth 
move  under  them,  first  quick,  then  in  a  slower  wavy  tremor ;  and 
the  stage  boards  in  the  little  winds  or  shafts,  twenty  fathom  deep, 
were  perceived  to  move.  In  Herland  mine,  commonly  called  the 
Manor,  in  the  parish  of  Gwynier,  the  noise  was  heard  55  and 
60  fathom  deep,  as  if  a  studdle  had  broke  and  the  deads  were 
set  a  running :  it  was  nothing  like  the  noise  of  thunder. 

''In  Chace-water  mine  the  same  noise  was  heard  at  least  70 
fathom  under  the  surface.  At  Huel-rith  mine,  near  Godolphin,  the 
noise  was  seemingly  underneath.  '  I  felt,'  says  the  director  of  the 
mine,  'the  earth  move  under  me,  with  a  prodigious,  swift, 
and  apparently  horizontal  tremor.  Its  continuance  was  but  for  a 
few  seconds  of  time,  not  like  thunder,  but  rather  a  dull,  rumbling, 
even  sound  like  deads  running  underground.  In  the  smith's 
shop  the  window -leaves  shook,  and  the  slating  of  the  house 
was  cracked ;  the  whim-house  shook  so  terribly  that  a  man  there 
at  work  ran  out  of  it,  concluding  it  to  be  falling.  Several  persons 
then  in  the  mine,  working  60  fistthom  deep,  thought  they  found  the 
earth  about  them  to  move,  and  heard  an  uncommon  noise.  Some 
heard  the  noise  and  felt  no  tremor;  others  working  in  a  mine 
adjoining,  called  Huel-Breag,  were  so  frightened  that  they  called 
to  their  companions  above  to  be  drawn  up  from  the  bottoms. 
Their  moor-house  was  shaken,  and  the  padlock  of  their  candle 
chest  was  heard  to  strike  against  the  staples,  ** 
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Mr.  Henwood,  in  voL  v.  of  our  Transactions,  has  preserved  a 
brief  record  of  an  earthquake  shock  which  was  felt  17th  February, 
1842,  throughout  considerable  portions  of  the  Helston,  Camborne, 
and  Eedruth  mining  districts.  Noises  were  heard  and  concussions 
felt,  both  at  the  surface  and  at  considerable  depths  in  several 
of  the  mines.  In  one  instance,  at  East  Wheal  Crofty,  the  men 
left  their  work  in  alarm,  fearing  that  the  side  of  the  shaft  in 
which  they  were  was  falling.  Mr.  Henwood  also  states  (voL  vL) 
that  severe  injuries  were  sometimes  sustained  at  the  shallow 
copper  mines  near  Copiap6,  in  Chili,  where,  during  his  brief  stay, 
seldom  more  than  three  days  passed  without  a  shock.  One  of 
these  occurred  whilst  he  was  underground  at  Chansurcillo,  but  it 
was  not  felt  below  the  surface. 

Mr.  Eichard  Edmonds  (voL  vii.)  gave  the  Society  an  excellent 
account  of  an  earthquake  shock  which  took  place  on  the  13th 
January,  1860.  A  circular  was  sent  to  the  mines  to  collect 
information,  and  a  good  many  replies  were  obtained.  At  St. 
Ives  Consols,  at  130  fathoms  from  the  surface,  and  at  Providence 
mines,  125  fathoms  deep,  a  noise  was  heard  like  that  of  a  kibble 
ialling  through  a  shaft,  or  as  if  a  ^'stuU"  had  given  way;  but 
whilst  neither  shock  nor  sound  was  observed  at  either  of  the 
other  mines  of  the  Land's  End  district,  both  were  remarked  at 
the  surface  in  each  locaUty.  In  Dolcoath  mine,  at  260  fathoms 
deep;  North  Crofty,  170  fethoms;  and  the  United  Mines,  208 
fathoms  level,  very  similar  rumbling  sounds  were  heard.  At 
Wheal  Busy,  Chacewater,  **  after  the  sound,"  said  the  agent,  "  in 
two  seconds  I  felt  the  counting-house  vibrate  for  ten  seconds,  after 
that  I  thought  one  of  the  boilers  had  burst,  but  on  looking  to  the 
engines  I  found  all  was  right,  consequently  I  supposed  it  to  be 
the  shock  of  an  earthquake  or  some  awful  crush  below  ground." 

Professor  Milne  quotes  the  case  of  Marienberg,  in  Saxony, 
where  an  earthquake  is  reported  to  have  been  felt  deep  under- 
ground when  it  was  unnoticed  at  surface.  The  usual  experience, 
as  he  allows,  is,  that  if  a  shock  is  felt  underground  it  is  also  felt 
on  the  surface,  as  for  example  in  the  lead  mines  of  Derbyshire, 
at  the  time  of  the  Lisbon  disturbance,  1755.  At  the  Comstock 
lode,  about  twelve  years  ago,  many  earthquakes  were  felt     On 
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one  partLcular  day  twenty-four  were  counted.  Superintendent 
Charles  Foreman  told  the  author,  when  he  yisited  Virginia  city 
in  18S2,  that  special  observations  were  made  to  determine  whether 
these  shocks  were  felt  as  severely  deep  down  as  on  the  surface 
vheie  they  were  on  the  veige  of  being  destructive.  The  universal 
testimony  of  many  observers  was,  that  in  most  cases  they  were 
not  felt  at  all  underground,  and  when  a  shock  was  felt  it  was 
extremely  feeble. 

At  the  Takashima  Colliery,  near  Nagasaki,  which  is  worked 
extensively  under  the  sea,  the  earthquake  shocks  are  seldom 
felt  undeiground,  but  a  good  deal  of  gas  is  encountered  in  the 
woikings,  and  as  it  appeared  to  escape  several  hours  before  any 
marked  changes  in  the  barometrical  column,  and  as  minute 
vibrations  or  earth  tremors  were  deemed  to  accompany  barometric 
depressions,  it  was  thought  important  to  establish  a  subterranean 
observatory,  and  to  study  the  connection  between  such  microscopic 
movements  of  the  rock  and  the  escape  of  gas.  But  the  heavy 
settlements  consequent  on  the  working  of  three  seams,  with  an 
aggregate  thickness  of  30  to  36  feet,  entirely  vitiated  the  record 
of  minute  tremors,  and  the  observations  by  microphone  and 
micro-seismometer  are  stated  to  have  been  '*  totally  unreliable."'^ 

Two  chapters  of  this  interesting  work — the  one  on  the  Cause 
of  Earthquakes,  the  second  on  Predictions  and  the  giving  of 
warnings  of  coming  Earthquakes — are  suggestive  and  in  part 
very  amusing,  but  I  feel  that  the  time  and  the  results  of  observa- 
tion are  not  yet  sufficiently  advanced  to  entitle  me  to  lay  before 
a  general  audience  so  much  that  is  speculative,  with  not  a  little 
which  has  rather  too  fantastic  an  air. 

I  must,  however,  say  a  word  on  one  phase  of  the  earthquakes 
which  are  accompanied  by  eruptions,  and  in  a  great  measure 
on  account  of  the  disaster  which  has  overtaken  the  hot  lake 
district  of  New  Zealand,  and  of  the  valuable  descriptions  by 
which  it  has  been  followed.  The  Contemporary  Review  for 
October  contains  an  eloquently-written  parallel,  by  Dr.  Archibald 
Geikie,  between  the  late  events  in  New  Zealand  and  the  first 
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recorded  eruption  of  Vesuvius  in  a.d.  79.  The  former  outbreak 
has  buried  a  fine  woodland  region  and  the  beautiful  lake  and 
sinter  deposits  of  Eotomahana  under  a  pall  of  grey  ashes  and 
seething  hot  mud.  It  was  just  as  unexpected  as  the  more  ancient 
case,  and  although  both  districts  showed  to  the  instructed  observer 
clear  proofis  of  an  earlier  volcanic  activity,  both  localities  were 
thought,  if  not  to  have  totally  extinguished  their  fires,  to  exhibit 
only  the  last  expiring  traces  of  igneous  energy. 

But  how  terrible  the  awakening  by  the  eruption  of  2  a.m. 
on  the  10th  June  last  has  been  brought  before  us  by  the  vivid 
descriptions  of  eye-witnesses,  and  it  is  now  farther  impressed  upon 
us  by  the  philosophical  preliminary  report  of  Dr.  Hector,  F.B.S., 
who  was  immediately  despatched  by  the  government  to  the 
scene  of  destruction.  The  awfully  paroxysmal  violence  of  the 
successive  openiiigs  of  the  craters  of  the  Tarawera  range,  which 
happens  to  be  just  the  height  of  Vesuvius,  the  gradually  in- 
creasing strength  of  the  earth  shocks,  the  awe-striking  character 
of  the  electric  discharges  which  fringed  the  dense  cloud  of  steam 
and  volcanic  dust,  seem  to  have  been  capped  by  the  blowing 
out  of  the  material  from  a  chasm  of  2000  feet  in  length  by 
500  feet  in  breadth  and  300  feet  deep,  which  is  prolonged  into 
a  fissure  extending  nearly  seven  miles  to  the  lake  Otaro.  As 
for  the  site  of  Eotomahana,  Dr.  Hector  describes  it  as  giving 
rise  to  '^a  pillar  of  cloud  that  is  visible  in  all  directions  over 
the  country,  having  a  diameter  of  about  an  eighth  of  a  mile 
and  a  height  of  not  less  than  12,000  feet.  Its  effect  is  most 
impressive,  especially  in  the  morning  and  evening,  when  it  is 
lighted  up  with  gorgeous  tints  by  the  slanting  rays  of  the  sun 
when  it  is  below  the  horizon  and  all  the  surrounding  landscape 
is  in  twilight."*  No  wonder  if  the  sense  of  security  which 
has  grown  up  amongst  those  residing  at  the  hot  springs  is  pro- 
foundly disturbed,  and  if  it  leads  geologists  to  contemplate  the 
possibility  of  recurring  outbursts  of  subterranean  action  in  regions 
that  were  considered  secure  from  such  inflictions. 


•  Dr.  Hector's  Report,  Nature,  August  26th,  1886. 
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During  the  past  year  little  has  occurred  in  the  ordinary  working 
of  the  Society  to  call  for  special  notice. 

The  Museum  continues  to  attract  visitors,  and  it  has  heen 
enriched  by  the  specimens  enumerated  in  the  Report  of  your 
Curator. 

In  the  Library  the  additions  to  the  shelves  are  steadily  in- 
creasing, as  the  long  list  of  valuable  works  set  forth  in  the 
Report  of  your  Librarian  show&  A  large  number  of  volumes 
have  been  bound  recently. 

The  Science  Classes  under  the  management  of  Messrs.  Bamett 
and  Corin  continue  to  be  successful. 

The  Fossil-room  has  been  made  more  convenient  as  a  place  of 
study,  or  meeting  of  an  evening,  by  having  gas  laid  on,  and  it  is 
now  capable  of  being  lighted  in  the  same  manner  as  the  laige 
Museum. 

The  Society  has,  since  we  last  met,  suffered  serious  loss  in  the 
death  of  four  of  its  Members. 

Mr.  Charles  William  Peach,  one  of  our  Honorary  Members 
who  has  done  so  much  for  us  with  regard  to  Cornish  Fossils, 
passed  away  at  an  advanced  age  early  in  the  year. 

Mr.  William  Teague,  of  Treliske,  so  well  known  in  the  mining 
world,  has  also  been  removed  by  death. 

We  have  further  to  regret  the  demise,  on  the  13th  July  last, 
of  Mr.  John  Hallet  Batten,  who  was  for  several  years  Secretary 
to  this  Society,  and  one  of  its  most  valued  supporters. 
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Bj  the  early  and  much-lamented  decease  of  Mr.  John  Bernard 
Magor  of  this  town,  on  the  3l8t  August  last,  the  Society  loses  a 
young  and  promising  Member. 

The  Council  desire  to  recommend  for  election  as  Ordinary 
Members  Migor  Boss  and  Mr.  Walter  Henry  Borlase. 

GEORGE  BOWN  MILLETT, 

Hon.  Seg. 
Sth  Nov.,  1886. 
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The  following  works  have  been  added  to  the  Library : 

L   TRANSACTIONS,  JOURNALS,  AND  REPORTS. 

Presented  by  the  respective  Societies^  Editors,  and  other  Donors, 

or  purchased, 

Boston.     American  Academy  of  Arts  and  Sciences. 

Proceedings:  VoL  xiiL,  May,  1885,  to  May,  1886.  Bvo. 
Boston,  1885-86. 

Bristol     Bristol  NaturaliBts'  Society. 

Proceedings:  Vol  v.,  part  1,  N.S.  (1885-86),  and  title-page 
and  index  of  vol  iv.  Report,  Lists,  &c,  for  the  year  ending 
30th  April,  1886.     8vo.     Bristol,  1886. 

Brussels.     Soci^t^  Royale  Malacologique  de  Belgique. 
Proc^verbal.  pp.  109-148  of  tome  xii.  1883. 

1-104      „      xiii.  1884. 
„  „       1-144      „      xiv.  1885. 

„  „       1-96        „        XV.  1886. 

Statute  .  .  .  Deuxi^me  (kiition,  avec  les  modifications  qui  y 
ont  et^  apport^  depuis  1863.     8vo.     Bmxelles,  1883-86. 

Camborne.     Mining  Association  and  Institute  of  Cornwall. 
Transactions :  Vol.  L,  part  2.     8vo.     Camborne,  1886. 

Cambridge.     University  Library. 

Thirty-second  Annual  Report  of  the  Library  Syndicate. 
Folio.     Cambridge,  June,  1886. 

Canada.     Canadian  Institute,  Toronto. 

Proceedings :  fasc.  3,  4,  of  vol.  iil,  series  iii.  8vo.  Toronto, 
1886. 
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Canada.      Geological  and   Natural    History   Survey  of    Canada. 
Contributions  to  Canadian  Palaeontology . 

YoL  i.,  part  1. — Report  on  the  Invertebrata  of  the  Laramie 
and  Cretaceous  Kocks  of  the  vicinity  of  the  Bow  and  Belly 
Rivers  and  adjacent  localities  in  the  North-west  Territory. 
By  J.  F.  Whiteaves.     8vo.     Montreal,  1885. 

Colorado.     Colorado  Scientific  Society. 

Proceedings:  VoL  ii,  part  1,  1885.     8vo.     Denver,  1886. 

Dorpat      Dorpater    Naturforscher-Gesellschaft.     Archiv  fur  die 
Natur.  Liv-,  Esth-  und  Kurlands : 

I.  Serie.     Band  ix.,  lief.  3.     II.  Serie.     Band  x.,  lief.  2. 

8vo.     Dorpat,  1885. 
Sitzungsberichte :  Band  viL,  heft  2,  1885.     8vo.     Dorpat, 
1886. 

Dublin.     Royal  Dublin  Society. 

Scientific  Proceedings :  Parts  7-9  of  vol.  iv. ;  and  parts  1,  2, 

of  vol.  v..  New  Series.     8vo. 
Scientific  Transactions :  Parts  7-10,  voL  iii.,  series  iL     4to. 

Dublin,  1885-86. 
FalmoutL     Royal    Cornwall  Polytechnic    Society.      Fifty-third 
Annual  Report,  1885.     8vo.     Falmouth  [1886]. 

Freiberg.     Jahrbuch  fur  das  Berg-  und  Hiittenwesen  im  Konig- 
reiche  Sachsen,  auf  das  jahr  1886.     8vo.     Freiberg,  1886. 

India.     Geological  Survey  of  India. 
Palaeontologia  Indica : 

Duncan  and  Sladen:  Fossil  Echinoidea  from  the 
Makrdn  Series  (Pliocene)  of  the  Coast  of  Bilii- 
chistdn  and  of  the  Persian  Gulf  [Series  xiv. 
VoL  L,  part  3,  fasc.  6.] 
Lydekker :  Siwalik  Crocodilia,  Lacertilia,  and  Ophidia; 
and  Tertiary  fishes.  [Series  x.  VoL  iiL,  parts  7, 8.] 

.     Siwalik    Mammalia.     [Series    x.      VoL   iv., 

part  1,  supplement  1.] 

4to.     Calcutta — London,  1886. 
Records :  VoL  xviil,  part  4. 

„  „    xix.,  parts  1-3.        8vo.    Calcutta,  1885-86. 
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Japan.     Seismological  Society  of  Japan. 

Tranaacidona :  VoL  viii,  1885.     8va     [Tokio]  1885. 

J,  „    iz.,  parts  1, 2, 1886.  870.  Yokohama,  1886. 

JmTa.     Natnial  History  Society,  Batavia. 

Catalogos  der  Bibliotheek  van  de  Koninkl^ke  Natuurknndige 
Yereeniging  in  Nederlandsch-Indie.     8yo.     Batavia,  1884. 

w     Nahmrknndig  Tijdschrift  voor  Nederlandscb-Indie,  uitge- 

geven  door  de  Kon.  Nat  Yereen  in  Ned.-Ind. 

Deel  XLIY.,  XLY.  (Achtste  serie,  deel  Y,  YI.) 

8yo.     Batavia's  Gravenhage,  1885-86. 

Leeda.     Geological  and  Polytechnic  Society  of  the  West  Biding 
of  Yorkshire. 
Proceedings :  YoL  ix.,  part  1.     8yo.     Leeds,  1886. 

,     Leeds  Geological  Association. 

Transactions:  Part  1,  1883-85.     8vo.     Leeds,  1885. 

Leicester.  Leicester  Town  Museum.  Eleventh  Report  of  the 
Museum  Committee  to  the  Town  Council  From  March  26th, 
1884,  to  March  25th,  1886.     8vo.     Leicester,     n.d. 

Lifcge.     Society  G^logique  de  Belgique. 

Annales:  Tome  xil,  1884-85.     8vo.     Li^ge,  1884-85. 

Lille.     Soci^t^  G^ologique  du  Nord. 

Annales:  Tome  xii.,  1884-85.     8vo.     Lille,  1885. 

Liverpool     Liverpool  Engineering  Society. 

Annual  Report,  1885.     8vo.     Liverpool,  1886. 

.     Liverpool  Science  Students'  Association. 

Proceedings,  Rules,  &c.,  1884-85.     8vo.     Liverpool,  1885. 

London.  British  Association  for  the  Advancement  of  Science. 
Montreal  Meeting,  1884.  Canadian  Economics ;  being 
Papers  prepared  for  reading  before  the  Economical 
Section  .  .  .  With  an  Introductory  Report. 

8vo.     Montreal — London,  1885. 

.     Report  of  the  Fifty-fifth  Meeting  .  .  .  held  at  Aberdeen 

in  September,  1885.     8vo.     London,  1886. 
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London.     Geologists'  Association. 

Proceedings :  Nos.  3-5  of  vol.  ix. 

8vo.     London — Lewes,  1885-86. 

.     Geological  Society  of  London. 

Abstracts  of  Proceedings. 
List  .  .  .  November  Ist,  1885. 
Quarterly  Joumal,  No.  164,  voL  xlL 
„  „  „    165-167,  vol.  xliL 

8vo.     London,  1885-86. 

.     London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 

Series  V.     No  127  of  voL  xx. 
„  „    128-133  of  vol.  xxi. 

„  „    134-138  of  vol  xxiL 

8vo.     London,  1885-86.     PurcJiased, 

,     Manual  of  the  Mineralogy  of  Great  Britain  and  Ireland. 

By  R  P.  Greg  and  W.  G.  Lettsom. 

8vo.     London,  1858.     Purchased, 

.     Mineral  Statistics  ...  of  Great  Britain  and  Ireland  for 

the  years  1875,  1877,  and  1878.     By  Kobert  Hunt. 

8vo.     London,  1876,  1878,  1879.     PurcJiofted. 

.     Mineral   Statistics  of    the    United    Kingdom    of    Great 

Britain  and  Ireland  ...  for  the  year  1885.     Prepared  by 
Her  Majesty's  Inspectors  of  Mines.     Folio.     London,  1886. 

.     Report  on  the  Inspection  of  Metalliferous  Mines  in  Corn- 
wall, Devonshire,  Dorsetshire,  Hampshire,  Isle  of  Wight,  and 
part  of  Somersetshire,  for  the  year  ending  31st  December, 
1885.     By  R  J.  Frecheville.  Folio.     [London,  1886.] 
[Presented  by  Mr.  R  J.  Frecheville.] 

.     Palacontographical  Society.     Vol.  for  1885. 

4to.     London,  1886.     Purchased, 

,     Royal  Society. 

Proceedings :  Nos.  239-241  of  vol.  xxxix. 

„     242-245      „      xL 

8vo.     London,  1885-86. 
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London.     Society  of  Chemical  Indastry. 
JournaL     Vol  iv.,  Nos.  10-12. 

„  „    T.,     „     1-9.         8vo.     London,  1886-86. 

Manchefltec     Manchester  (Geological  Society. 
Tranfiactions :  Parte  11-20  of  yoL  xviii 

„  Title-page,  Contents,  &c  of  voL  xyiiL 

8ya     Manchester,  1885-86. 
Melbonma     Geological  Society  of  Australasia. 
Transactions :  YoL  L,  part  1. 

List  of    Members  .  .  •  also  Catalogne  of  Works  in  the 
Library  of  the  Society.     Compiled  by  Robert  T.  Litton. 

8yo.     Melbourne,  1886. 
Newcastle-upon-Tyna     North  of  England  Institute  of  Mining 
and  Mechanical  Engineera 
Transactions :  YoL  xxxiy.,  part  4. 
„  „    xxxY.,  parte  1-3. 

8yo.     Newcastle-upon-Tyne,  1885-86. 

New  South  Wales.     Department  of  Mine& 

Annual  Eeport  of  the  Department  ...  for  the  year  1884. 

Folio.     Sydney,  1885. 

,     Koyal  Society  of  New  South  Wales. 

Journal  and  Proceedings  for  1884.     8yo.     Sydney,  1885. 
President's  Address,   deliyered   .   .    .    5th   May,    1886,   by 
Professor  Liversidge,  P.R.S.  8yo.     [Sydney,  1886.] 

New  York.     American  Geographical  Society. 
BuUetin  :  Nos.  1-6,  1882. 


„  „     1""7,  1883. 

„  „     1-5,  1884. 


„     1,  2,  1885. 

„     1,  1886.  8vo.     New  York,  1882-86. 


Paris.     Ecole  des  ]Mines. 

Annales  :  S^rie  yiil,  t.  yiil,  liv.  4-6.     8vo.     Paris,  1885. 
„  „       „     t  ix.,  liy.  1,  2.     8vo.     Paris,  1886, 

Penzance.     Natural  History  and  Antiquarian  Society. 
Keporte  and  Transactions,  1884-85,  and  1885-86. 

%vo.    Plymouth,     n.b. 
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PeDzance.  •  Eoyal  Geological  Society  of  Cornwall. 

Beports  and  Transactions:    31st,   33rd,  and  35th  Annual 

Reports,  &c.    8vo.   Penzance,  1844,  1846,  1848.    Purchased, 

[Members  or  others  possessing  spare  copies  of  the  above 

Beports  would  greatly  oblige  by  presenting  or  selling 

them  to  the  Society.     The  29th  Report,  1842,  the  46th, 

1859,  and  the  47th,  1860,  are  also  much  wanted.] 

Philadelphia.     Academy  of  Natural  Sciences. 

Proceedings :  Parts  2  and  3,  April  to  December,  1885. 
„  Part  1,  January  to  March,  1886. 

8vo.     Philadelphia,  1885-86. 

.     American  Philosophical  Society. 

Proceedings:  Nos.  120,  121,  of  vol.  xxil 
„  „     122  of  vol  xxiii. 

8vo.     PhUadelphia.     1885-86. 

Pisa.     Society  Toscana  di  Scienze  Naturali. 

Processi  Verbali :  pp.  1-58,  95-118,  of  vol.  v. 
Memorie :  VoL  vi.,  fasc.  2**. 

„  „     vii  8vo.     Pisa,  1885-86. 

Plymouth.     Devonshire  Association. 
Reports  and  Transactions : 
VoL  vi,  part  2,  1874. 
VoL  ix.-xviL,  1877-85. 

Parts  1,  2,  of  Extra  VoL,  containing  Devonshire  Domes- 
day.    1884,  1885. 
Title-page  of  voL  v.,  1872.     8vo.     Plymouth,  1872-85. 
[Presented  by  Mrs.  Batten.] 

.     Plymouth  Institution  and  Devon  and  Cornwall  Natural 

History  Society. 

Transactions:  VoL  ix.,  part  2,  1885-86. 

8vo.     Plymouth,  1886. 

St  Petersburgh.     Comit<S  Geologique,  St.  Petersburgh. 

Mdmoires :  Vol.  iii..  No.  1. — Die  Fauna  des  Untem  Devon 
am   West-Abhange   des    Urals.      Par   Th.    Tschemyschew. 

4to.     St.  Petersburgh,  1885. 
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Sydenham.     Dalwich  College. 

SeTenih  Annual  Eepoit  of  the  Dalwich   College  Science 
Society,  1884-85.    8ya    Dalwich  College,  July,  1885. 

Thua    Boyal  Institutdon  of  Cornwall 
Joninal :  YoL  TiiL,  part  4,  Dec,  1885. 
„  „    ix.      „     1,  Oct,  1886. 

8vo.    Truro,  1885-86. 

United  States.     Geological  and  Goographical  Survey  of  the  States. 

Bulletin :  No.  7. — Catalogue  of  Geological  Maps  of  America 

(North   and  South),    1752-1881,   in   Geographic   and 

Chronographic  Order.      By  Jules  Marcou  and  J.   B. 

Marcou. 

No.  8. — On  Secondary  Enlaigements  of  Mineral  Frag- 
ments in  certain  Bocks.  By  R  D.  Irving  and  C.  R 
Van  Hise. 

No.  9. — Beport  of  Work  done  in  Washington  Labora- 
tory during  1883-84.  By  F.  W.  Clarke  and  T.  M. 
Chatard,  Chemists. 

No.  10. — On  the  Cambrian  Faunas  of  North  America: 
Preliminary  Studies.     By  Chas.  D.  Walcott 

No.  11. — On  the  Quaternary  and  Eecent  Mollusca  of 
the  Great  Basin,  with  descriptions  of  New  Forms.  By 
R  Ellsworth  CalL  Introduced  by  a  Sketch  of  the 
Quaternary  Lakes  of  the  Great  Basin.  By  G.  K. 
Gilbert. 

No.  12. — ^A  Crystallographic  Study  of  the  Thinolite 
of  Lake  Lahontan.     By  Edward  S.  Dana. 

No.  13. — Boundaries  of  the  United  States  and  of  the 
several  States  and  Territories,  with  a  Historical  Sketch 
of  the  Territorial  Changes.  By  Henry  Gannett,  Chief 
Geographer. 

Na  14. — On  the  Electrical  and  Magnetic  Properties 
of  the  Iron  Carburets.  By  Carl  Barus  and  Yiucent 
StrouhaL 

No.  15. — Notes  on  the  Mesozoic  and  Cenozoic  Palae- 
ontology of  California.     By  Chas.  A.  White. 
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United  States.    Geological  and  Geographical  Survey  of  the  States. 
Bulletin :  No.    16. — On  the  Higher  Devonian  Faunas  of 
Ontario  County,  New  York.     By  John  M.  C]a:^e. 

No.  17. — Development  of  Crystallization  in  the 
Igneous  Bocks  of  Washoe,  Nevada.  By  Arnold  Hague 
and  Joseph  P.  Iddinga. 

No.  18. — On  Marine  Eocene,  Fresh-Water  Miocene, 
and  other  Fossil  MoUusca  of  Western  North  America. 
By  Chaa.  A.  White. 

No.  19. — Notes  on  the  Stratigraphy  of  California. 
By  Geo.  F.  Becker. 

No.  20. — Contributions  to  the  Mineralogy  of  the 
Bocky  Mountain&  By  Whitman  Cross  and  W.  F. 
Hillebrand. 

No.  21. — The  Lignites  of  the  Great  Sioux  Reservation: 
A  Beport  on  the  Begion  between  the  Grand  and  Moreau 
Bivers,  Dakota.     By  Bailey  Willia 

No.  22. — On  New  Cretaceous  Fossils  from  California. 
By  Chas.  A.  White. 

No.  23. — Observations  on  the  Junction  between  the 
Eastern  Sandstone  and  the  Keweenaw  Series  on  Kewee- 
naw Point,  Lake  Superior.  By  R.  D.  Lrving  and  T.  C. 
Chamberlin. 

No.  24. — List  of  Marine  Mollusca  comprisiDg  the 
Quaternary  Fossils  and  Recent  Forms  from  American 
localities  between  Cape  Hatteras  and  Cape  Roque,  in- 
cluding the  Bermudas.     By  William  Healy  DalL 

No.  26.— The  Present  Technical  Condition  of  the 
Steel  Industry  of  the  United  States.  By  Phineas 
Barnes. 

No.  26.— Copper  Smelting.     By  Henry  M.  Howe. 

8va     Washington,  1884-85. 

Monographs:  YoL  ix. — Brachiopoda  and  Lamellibranchiata 
of  the  Raritan  Clays  and  Greensand  Marls  of  New 
Jersey.     By  Robert  P.  Whitfield. 

4to.     Washington,  1885. 
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United  States.  Creological  and  Geographical  Snrvej  of  the  States. 
Reports :  Fourth  Annual  Eeport,  1882-83.  J.  W.  Powell, 
Director.  [Contains  Eeports  by  J.  W.  Powell,  on 
Operations  of  the  Survey;  C.  K  Dutton,  on  Hawaiian 
Volcanoes;  J.  S.  Curtis,  on  Mining  Oeology  of  the 
Eureka  District,  Kevada ;  A.  Williams,  jun.,  on  Popular 
Fallacies  regarding  Precious-Metal  Ore  Deposits;  C.  A. 
White,  Beview  of  the  Fossil  Ostreidae  of  North  America, 
and  Comparison  of  Fossil  with  Living  Forms  (Appen- 
dices by  A«  Heilprin  and  J.  A.  Eyder) ;  and  Israel  C. 
Eussell,  on  A  Geological  Eeconnaissance  of  Southern 
Oregon.] 

.     Fifth  Annual  Report,   188^-84.      J.   W.   Powell, 

Director.  [Contains :  The  Topographic  Features  of  Lake 
Shores,  by  G.  K.  Gilbert ;  The  Requisite  and  Qualifying 
Conditions  of  Artesian  WeUs,  by  Thos.  C.  Chamberlin ; 
Preliminary  Paper  on  an  Investigation  of  the  Archaean 
Formations  of  the  North- Western  States,  by  R  D. 
Irving ;  The  Gigantic  ^lammals  of  the  Order  Dinocerata, 
by  Prof.  0.  C.  Marsh;  Existing  Glaciers  of  the  United 
States,  by  Israel  C.  Eussell;  and  Sketch  of  Palseo- 
botany,  by  Lester  F.  Ward.] 

8vo.     Washington,  1884-85. 

Statistical  Papers :  VoL  ii — Mineral  Resources  of  the  United 
States,  1883-84.     By  Albert  Williams,  jun. 

8vo.     Washington,  1885. 

Victoria.  Annual  Report  of  the  Secretary  for  Mines  and  Water 
Supply,  to  the  Hon.  John  Lament  Dow,  m.p..  Minister  of 
Mines  for  Victoria  ...  for  the  year  1885.  Folio.  Mel- 
bourne, 1886. 

.     Mineral  Statistics  of  Victoria  for  the  year  1885.     Folio. 

Melbourne,  1886. 

.  Gold  Fields  of  Victoria.  Reports  of  the  Mining  Regis- 
trars for  the  Quarters  ended  30th  September  and  31st 
December,  1885,  and  31st  March,  1886. 

Folio.     Melbourne,  1885-86. 
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Victoria.  The  Gold  Fields  and  Mineral  Districts  of  Victoria, 
with  Notes  on  the  Modes  of  Occoirence  of  Gold  and  other 
Metals  and  Minerals.     £7  R  Brough  Smyth. 

8vo.     London — Melbourne,  1869. 
[Presented  by  the  President,  Mr.  W.  W.  Smyth.] 

Vienna.     K  K.  Greologische  Eeichsanstalt : 
Verhandlongen.     Nos.  12-18.     1885. 

„  „       1-6  and  7-12,  1886. 

8vo.     Wien,  1885-86. 

'  K.  K.  Naturhistorischen  Hof museums : 

Annalen,  redigirt  von  Dr.  F.  E.  von  Hauer.     Jahresbericht 
fur  1885,  Band  I.,  Nos.  1,  2.     8vo.     Wien,  1886. 

Washington.  Annual  Eeport  of  the  Comptroller  of  the  Currency 
[Henry  W.  Cannon]  ...  of  the  United  States,  Dec.  1st, 
1885.     8vo.     Washington,  1885. 

'  Smithsonian  Institution :  Annual  Eeports  of  the  Board 

of  Brents  for  the  years  1883,  1884. 

8vo.     Washington,  1885. 

• 

.     Third  Annual  Eeport  of  the  Bureau  of  Ethnology  to  the 

Secretary  of  the  Smithsonian  Institution,  1881-82.     J.  W. 
Powell,  Director.     8vo.     Washington,  1884. 


II.  GEOLOGICAL  AND  MISCELLANEOUS  PUBLICATIONS. 

Presented  by  the  AiUhors  or  Purchased, 
Geinitz,  H.  B.     Zur  Dyas  in  Hessen.     8vo.     Kassel,  1886. 

Kendal],  Percy  F.,  and  Bell,  E.  G.     On  the  Pliocene  Beds  of 
St.  Erth.     Appendix  by  Dr.  G.  J.  Hinde.     [From  Quar. 
Joum.  of  GeoL  Soc.,  May,  1886.]    8vo.         ^ 
[Presented  by  Mr.  Thos.  Corniah.] 

Pengelly,  William.  J^otes  on  Notices  of  the  Geology  and  Palae- 
ontology of  Devonshire.  Part  xii.  [Eeprint  from  Trans,  of 
Devon.  Assoc  for  Advancement  of  Science,  Literature,  and 
Art,  vol.  xvii  pp.  425-449,  1885.]    8vo.     n.p.     1885. 
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Ptefltwich,  Joseph.  On  Underground  Temperatures ;  with  Ohserva- 
tions  on  the  Conductiyity  of  Eocks ;  on  the  Thermal  E£fects 
of  Satnration  and  Imhibition;  and  on  a  Special  Source  of 
Heat  in  Mountain  Eanges.     4to.     London,  1886. 

.    On  the  Agency  of  Water  in  Volcanic  Eruptions;  with 

Some  Observations  on  the  Thickness  of  the  Earth's  Crust 
from  a  Greological  Point  of  View ;  and  on  the  Primary  Cause 
of  Volcanic  Action.  8vo.  London,  1886.  [From  Proceed- 
ings of  the  Hoyal  Society,  voL  xlL  No.  246.] 

Sorby,  H.  C.  and  Butler,  P.  J.  On  the  Structure  of  Kubies, 
Sapphires,  Diamonds,  and  Some  Other  Minerals.  [From 
Proc.  of  the  Roy.  Soc,  No.  109,  1869.]     8vo.     London. 

.     On  the  Microscopical  Structure  of  Amber.     [Read  before 

the  Microecopical  Soc,  Oct.  4th,  1876.]     8vo.     London. 

Ubaghs,  Casimer.  Catalogus  CoUectionis  PalaBontologicae  in  Agro 
Aquisgranensi,  collecta  k  Doctore  Med.     M.  H.  De  Bey. 

8vo.     Aquisgrani,  1885. 

Whitaker,  William.  Some  Surrey  Wells  and  their  Teachings; 
with  Sections  of  Wells  and  Deep  Borings  in  the  Surrey  part 
of  the  London  Basin.  [From  Trans,  of  the  Croydon  Micro, 
and  Nat  Hist  Club,  1886.]     8m     n.p. 

.     On  "A  Recent  Legal  Decision  of  Importance  in  connection 

with  Water  Supply  from  Wells."  [From  vol.  viL  Tran&  of 
Sanitary  Institute  of  Gt  Brit,  1886.     Read  Sept  1885.] 

8vo.     London. 

Worth,  R  N.  Historical  Notices  concerning  the  Progress  of 
Mining  Skill  in  Devon  and  Cornwall. 

8vo.     Fahnouth,  1872. 

,     Notes  on  Some  Antiquities  in  East  Cornwall.      [From 

Joum.  of  Roy.  Inst  of  Com.,  No.  13,  1872.]     8vo. 

,     Notes  on  the  Rocks  in  the  Neighbourhood  of  Plymouth. 

[From  Trans,  of  Devon.  Assoc.,  1872.]     8vo. 

Some  Remarks  on  Pottery  and  Porcelain.      [From  41st 
Report  Roy.  Com.  Polytech.  Soc.,  1873.]     8vo.     Falmouth 
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Worth,  R  K     Ancient  Mining  Implements  of  ComwalL 

8m     187a. 

.    Two  Old  Mining  Patents.     [From  Joum.  of  the  Eoy. 

Inst  of  Com.,  No.  14,  1873.]    8vo.     1873. 

.     The  Antiquity  of  Mining  in  the  West  of  England. 

8vo.     1874. 

Notes  on  the  Limestone  of  Yealmpton  and  its  Associated 

Eocks.     [From  Trans,  of  Devon.  Assoc.,  1874.]     8va 

.     The  Geology  of  Plymouth.     [From  Trans,  of  Plymouth 

Inst]    8vo.     1875. 
.     Alluvial  Deposits  on  Plymouth  Hoe.     [/6.,  1875.]     8vo. 

.     The  Economic  Geology  of  Devon.   [From  Trans,  of  Devon. 

Assoc.,  1875.]     8vo. 

.     The  Building  and  Ornamental  Stones  of  Cornwall,  with 

Notes  on  their  Archaeology.     [From  Joum.  of  Roy.  Inst,  of 
Com.,  No.  17,  1875.]    8vo.     1875. 

.     William  Cookworthy  and  the  Plymouth  China  Factory. 

[From  Trans,  of  Devon.  Assoc,  1876.]     8vo. 

.     The  Paloeontology  of  Plymouth.     8vo.     1877. 

.     Alluvial  Deposits  Associated  with  the  Plymouth  Lime- 
stone.    [From  Quar.  Joum.  of  Geol.  Soc,  Aug.,  1876.]     8vo. 

.     The  Bone  Caves  of  the  Plymouth  District.     [From  Joum. 
of  the  Plymouth  Inst,  1879.]     8vo. 

.     Eecent  Greological  Discoveries  in  the  Neighhourhood  of 

PlymoutL     [From  Trans,  of  Devon.  Assoc,  1880.]     8vo. 

On  Glacial  Conditions  in  Devon.     [/6.,  1881.]     8vo. 

On  an  Ossiferous  Fissure  in  the  Battery  Hill,  Stonehouse. 
[From  Trans,  of  Plymouth  Inst,  1881.]     8vo. 

-.     Notes  on  the  Geology  of  the  South-east  Border  of  ComwalL 

8vo.     1881. 
-.     Notes  on  Some  Teeth  from  a  Stonehouse  Bone  Cave. 
[From  Trans,  of  Roy.  Geol.  Soc  of  Comwall,  1882.]    8vo. 

-.  The  Rocks  in  the  Neighhourhood  of  Plymouth,  and  their 
Stratigraphical  Relations.  [From  Trans,  of  Devon.  Assoc, 
1883.]    8vo. 
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Worth,  R  N.  On  Trowlesworthite,  and  Certain  Granitoid  Rocks 
near  Plymouth.  [From  Trans,  of  Eoy.  GeoL  Soc.  of  Cornwall, 
1884.]     8vo. 

.     T^je  Raised  Beaches  on  Plymouth  Hoe.   [lb.,  1885.]    8vo^ 

.     Report  of  an  Excursion  of  the  Geologists'  Association 

to  South  Devon,  July  21st  [1884],  and  five  following  days. 
By  R  N.  Worth  and  A.  Champemowne.  [Reprint  from  Proc. 
of  Greologists'  Assoc,  voL  viiL,  No.  8,  1885.]     8vo. 

.     Raised  Beaches  and  Submerged  Forests.    Abstract.    [From 

Trans,  of  Plymo.  Inst,  1886.]     8vo. 

.     The  Rocks  of  Plymouth.     [lb.,  1886.]     8vo. 

.     The  Coniish  Trias.    [From  Trans,  of  Roy.  GeoL  Soa  of 

Cornwall,  1886.]     8vo. 


CURATORS'  HEPORT. 


HAMS  AND  LOGALITT. 

Manganese  Ore  (Carbonate  and  Silicate  of  Manga- 
nese. ?  Rhodochrosite  and  Tephroite).  Bedded 
deposit  in  the  Cambrian  Qrits,  Barmouth, 
Merionethshire  .  ... 

Ditto.    Uyn  Du,  Talsamau,  Merionethshire 

Cypmsite.  A  yeUow  ochre  from  Cyprus.  (Ferric 
thbasic  sulphate,  with  sulphate  of  alumina 
and  water.  It  contains  siliceous  organic  remains: 
marine  polycystina        .  ... 

Katiye  Copper  in  Serpentine.  Aniseed  Valley, 
Nelson,  New  Zealand    .  ... 

Plumbago.  Mount  Bouple,  Maryborough,  Queens- 
land .  .  ... 

Earthy  Plumbago.    Natal 

Amygdaloid.  From  the  Island  of  Staffa.  Also 
a  Pebble  from  bed  at  top  of  Island 

Wolfram  with  Copper  Pyrites  in  Quartz  (large 
specimen).    East  Pool  Mine,  Camborne  . 

Fossils  from  Bull  River,  U.S.  America.  Found 
on  Penan  Beach.  From  a  cargo  of  phosphatic 
rock  carried  by  ship  G,  J,  Jones,  wrecked  oflf 
Perran,  1st  September,  1883 

Caasiterite  in  Mica-schist  From  the  Mines  of 
Villeder,  Brittany         .  ... 

Triaasic  Rocks  from  the  Lizard  Outlier.  To 
illustrate  a  paper  by  Mr.  R.  N.  Worth,  F.o.s., 
on  *'  The  Cornish  Trias,"  in  vol  x.  pp.  229- 
239  of  Transactions       ,  ... 

Redruthite.     Levant  Mine,  St.  Just 

Noble  Serpentine.    Lizard  District     . 

Portion  of  Dyke.  Hicks's  Quarry,  Porthalla. 
The  rock  consists  mainly  of  Feldspar  with 
large  crystals  of  Hornblende 


DONOK. 


W.  W.  Smyth. 


C.  Le  Neve  Foster. 
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I  W.  Bolitho,  junr. 

J  Capt.  C.  F.  Bishop, 
J    per  Thos.  Cornish. 

Thos.  Cornish. 
I  T.  Taylor. 

R.  N.  Worth. 

Purckctsed, 
Thomas  Clark. 
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UST  OF  PAPERS  READ  AT  THE  ANNUAL  MEETINtf. 


5tA  November,  1886, 


1.  The  Pliocene  Beds  of  St  Erth.    By  Bobert  William  Bell,  F.a.S. 

2.  On  an  Unmapped  EzposnTe  of  SerpentinouB  Bock  in  Whitsand 
.    By  R.  N.  Worth,  f.g.b. 


THE  PLIOCENE  BEDS  OF  ST.  ERTH. 

Bt  Bobkbt  William  Bell,  f.q.b. 

(BMd  5t]i  November,  1886.) 


Thb  deposit  of  clay  in  the  St.  Erth  Sand  Pit  may  be 
fairly  described  as  one  of  the  most  interesting  dis- 
coveries which  have  been  made  in  Tertiary  Geology 
for  some  years ;  and  from  the  great  rarity  of  any 
fossiliferous  deposits  in  Cornwall,  probably  very  few 
persons  belonging  to  the  county  or  elsewhere  ever 
expected  such  an  occurrence. 

It  has  been  suggested  that  the  land  in  this  part  of 
Great  Britain  has  been  above  the  sea-level  since  early 
Palaeozoic  times.  Certainly,  if  otherwise,  the  denu- 
dation of  any  succeeding  deposits  must  have  been 
very  complete,  or  we  should  expect  to  find  at  least 
some  traces  of  fossils  or  stratified  rocks,  other  than 
the  earlier  formations,  in  the  numerous  raised  beaches, 
or  in  the  enormous  beds  of  "  Head "  which  cover  so 
much  of  the  land,  and  contain  such  quantities  of 
fragments  of  stone  of  all  sizes.  As  a  matter  of  fact, 
there  are,  however,  some  traces  of  rounded  flint 
pebbles  in  a  bed  near  Porthleven,  which  was  noticed 
by  the  writer's  colleague,  Mr.  Percy  Kendall,  during 
the  past  summer,  indicating  the  disturbance  and 
wearing    away   of*  former   Cretaceous  strata ;    and 
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probably  close  examination  of  other  raised  beaches 
might  lead  to  farther  knowledge. 

During  the  Tertiary  period  there  is  not  much  doubt 
that  the  area  of  the  South- West  of  Great  Britain  and 
the  West  of  France  formed  an  archipelago  of  islands, 
which  may  have  extended  to  a  considerable  distance 
— perhaps  the  remains  of  that  Miocene  land  which 
formed  one  of  the  careful  and  ingenious  speculations 
of  the  late  Edward  Forbes,  corresponding  to  the 
original  "  Atlantis "  of  the  old  writers  ;  and  the 
intimate  relation  of  the  scm  of  this  region  with  the 
Mediterranean  and  the  warmer  waters  of  the  south 
seems  to  be  indicated  by  all  the  evidence  which  has 
been  hitherto  obtained. 

The  periods  of  geological  time  which  succeeded 
that  of  the  St.  Erth  Clay  are  not  very  well  marked 
in  the  neighbourhood.  There  are  none  of  those 
traces  of  active  ice  action  which  form  such  a  con- 
spicuous element  in  the  North  and  East  of  England, 
but  there  seem  to  be  some  indications  in  the  sand  pit 
(above  the  clay)  which  show  a  period  of  Glacial 
deposit.  In  the  left-hand  corner  of  the  section 
exposed  during  the  excavations  of  the  past  autumn 
a  stratum  of  sand  was  exposed  which  exhibited  a 
good  example  of  that  crumpling  or  curling  up  of  the 
beds,  the  result  probably  of  lateral  compression, 
which  is  seen  to  the  best  advantage  in  the  con- 
torted Drifts  of  East  Anglia,  above  some  parts  of 
the  Crag. 

The  deposit  of  clay  underneath  this  sand,  which  is 
attributed  to  Pliocene  times,  is  not  uniformly  fossili- 
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ferous,  the  upper  and  lighter  coloured  portion  being 
almost  destitute.  The  zone  which  contains  the  fossils 
is  also  of  varying  thickness,  and  the  MoUusca  not 
equally  distributed.  As  a  rule,  Cerithium  reticvlatum 
is  more  plentiful  at  the  base,  while  Turritella  and 
Nassa  serrcUa  are  generally  found,  these  three  species 
-being  in  the  greatest  preponderance. 

The  clay  seems  to  have  been  deposited  in  a  some- 
what shallow  gulf  or  strait  occupying  at  least  the 
valley  in  which  St.  Erth  is  placed,  and  which  probably 
connected  the  northern  and  southern  seas  of  Cornwall 
until  a  comparatively  recent  period,  and  it  is  possible 
that  deposits  of  clay  or  sand  of  limited  extent  may 
yet  be  found  flanking  the  elevated  ground  on  the 
sides  of  the  valley ;  if  so,  such  indications  should  be 
carefully  watched,  and  their  contents  examined,  with 
the  view  of  ascertaining  the  preponderance  or  other- 
wise  of    a   southern   element   in   the   fauna.      This 
element  is  conspicuous  everywhere  in  the  few  instances 
at  present  known  on  the  two  sides  of  the  English 
Channel  and  Cornwall,  whether  they  are  of  Pliocene 
character,    as   at   St.    Erth,   or   in   the    "  Cotentin " 
(Normandy),  or  of  a  later  period,  as  at  Selsey,  on 
the  Hampshire   coast ;    indeed,   the   traces   of   that 
Mediterranean   influence    may   be    easily    found    at 
the   present   day,   such  shells  as    Cytherea    Chione, 
Mactfn   glaiica,    Lucina    divaricata,    and    Ervillia 
castanea    being    essentially    southern    (the    Hayle 
estuary  being  almost  their  northern  limit).     Some 
indications  of  this  nature  are  also  found  in  the  raised 
beaches  of  various  parts  of  the  South  of  England ; 
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but  unfortunately,  in  Cornwall  so  few  of  them  are 
fossiliferous  that  no  data  have  been  obtained. 

Since  the  paper  on  the  St.  Erth  Pliocene  deposit 
was  read  before  the  Geological  Society  of  London,  in 
the  spring  of  the  present  year,  a  great  deal  of  addi- 
tional  work  and  examination  has  been  performed.  A 
small  grant  in  aid  was  given  by  the  Royal  Society, 
and  in  August  last  Mr.  Percy  Kendall,  of  Owen's 
College,  and  the  author  of  the  present  communication, 
re-commenced  excavation.  The  number  of  species 
already  obtained  is  very  numerous,  considering  the 
limited  time  and  material  that  were  available;  but' 
much  work  still  remains  to  be  done,  about  half  a  ton 
of  the  fossiliferous  clay  having  been  sent  to  London, 
in  order  that  it  might  be  carefully  washed  through 
fine  sieves,  so  that  the  smaller  moUusca,  which  are 
by  far  the  most  numerous,  should  not  be  lost. 

Up  to  the  present  about  two  hundredweight  has  been 
so  treated,  with  the  result  that  about  forty  species  of 
mollusca  (including  those  found  at  the  section  itself) 
have  been  added  to  the  previously  known  list ;  and 
it  seems  probable  that  the  total  number  will  reach 
about  one  hundred  and  sixty.  The  results  from 
other  departments  of  zoology  are  nothing  like  so 
plentiful,  with  the  exception  of  the  Ostracoda  and 
Foraminifera,  which  are  in  the  able  hands  of  Mr. 
Brady  and  Mr.  Fortescue  Millett ;  but  although  the 
individual  specimens  are  comparatively  few,  they 
have  plenty  of  interest. 

Not  many  traces  of  Vertebrates  have  been  found, 
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the  most  perfect  being  a  tooth  of  the  "  Toper  Shark  " 
[Galeus  vulgaris^  Cuvier),  and  several  undetermined 
Dtolites,  which  are  probably  Gadoid.  Of  Crustacea 
ive  or  six  species  have  occurred,  besides  a  Balanus ; 
ibout  seven  species  of  Polyzoa;  three  or  perhaps 
bur  Echinoderms ;  many  calcareous  Sponge  spicules ; 
md  those  curious  microscopic  concretionary  bodies 
bund  in  the  envelopes  of  the  Holothurians  and 
ronicates.  These  two  last  forms,  which  were  dis- 
»vered  and  ably  worked  out  by  Mr.  Kendall,  are 
)erhap6  more  remarkable  than  any,  the  Cucumaria 
)eiDg  a  species  found  on  the  Chilian  coast,  and  the 
Tunicate  {Leptoclinum)  spicules  having  never  been 
bund  in  any  other  fossil  deposit.  In  this  curious, 
hough  microscopic  fossil,  St.  Erth  has  a  unique 
XMsession. 

It  has  lately  been  suggested  by  a  very  competent 
luthority  (Mr.  Clement  Reid,  of  the  Geological 
Jurvey)  that  the  St.  Erth  clay  must  have  been  de- 
K)6ited  under  at  least  fifty  or  sixty  fathoms  of  water 
Nature,  August  12th,  1886).  The  researches  of  the 
.uthor  and  his  colleague  do  not  tend  to  this  conclu- 
ion,  the  majority  of  the  known  shells  belonging  to 
he  Littoral  and  Laminarian  Zones. 

Nearly  the  whole  of  the  MoUusca  which  have  been 
ecently  found  are  of  a  southern  type,  confirming  the 
pinion  previously  arrived  at  in  the  paper  above 
lluded  to,  that  the  tendency  of  the  fauna  was  largely 
1  the  direction  of  the  Mediterranean  and  Italian 
^Uocene  forms.  The  absence  or  extreme  rarity  of 
eculiar  Northern  or  Boreal  MoUusca  is  very  emphatic 
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on  this  point,  showing  the  diflference  which  existed 
between  the  MoUuscan  fauna  of  the  Eastern  and 
Western  Pliocene  Seas  in  Britain.  At  the  same  time 
there  is  a  certain  number  of  species  present  both  in 
the  Crag  of  SuflFolk  and  St.  Erth,  quite  sufficient  to 
show  that  the  deposits  in  point  of  time  were  nearly 
identical 

It  is  hoped  that  the  present  investigation  will  be 
concluded,  and  a  farther  and  more  complete  paper 
prepared  for  reading  before  the  Geological  Society  of 
London  towards  the  end  of  its  present  session. 


ON  AN 

UNMAPPED  EXPOSURE  OP  SERPENTINOUS 
ROCK  IN  WHITSAND  BAY. 

By  R.  N.  Wobth,  p.g.s. 

Bead  6th  NoTember,  1886. 


The  igneous  rocks  of  South-East  Cornwall  are  ex- 
ceptionally varied,  for  the  size  of  the  area,  and  of 
unusual  interest.    They  comprise  the  contemporaneous 
lavas,  ashes,  and  tuflFs  of  Devonian  age,  best  observed 
perhaps   in   the   neighbourhood   of  Saltash,  though 
occurring  at  other  points ;  the  intrusive  dolerites  of 
Saltash   and   Notter,   which  present  some   peculiar 
features,  and  have  alliances  with  rocks  in  the  Midland 
Counties   and   Scotland ;    the   so-called   homblendic 
rocks  of  St.  Cleer,  which  are  evidently  related  to  the 
altered  igneous  rocks  of  the  district  bordering  the 
granite  between  Lydford  and  Tavistock,  and  of  the 
vicinity  of  Comwood,  and  which  have  affinities  both 
to  the  gabbros  and  diabasites,  with  an  extensive  de- 
velopment of  serpentine ;  the  granites  and  elvans  of 
the  Caradon  and  Cheesewring ;   the  red  micaceous 
Triassic    trap   of    Cawsand — mica-andesite — closely 
akin  to  some  of  the  Exeter  varieties  ;    the  much- 
altered  picrite  of  Clicker  Tor,  Menheniot,  containing 
abundant  olivine,  now  largely  changed  into  serpentine; 
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and,  finally,  certain  slaggy  fragments  found  on  the 
beaches  from  Looe  eastward,  which  may  indicate  the 
occurrence  of  yet  another  distinctive  type  in  the 
Channel. 

To  these  I  have  now  to  add  the  record  of  an  in- 
trusive mass  of  very  peculiar  character,  hitherto 
unnoted  and  unmapped,  which  occurs  in  Whitsand 
Bay,  between  Port  Wrinkle  and  Downderry,  and  of 
which  the  isolated  crag  known  as  the  Longstone  is 
the  visible  seaward  extremity.  My  attention  was 
called  to  this  rock  by  Mr.  T.  B.  Crowther,  of  Plymouth, 
who,  noting  its  exceptional  appearance,  procured  for 
me  a  series  of  specimens.  It  is  intrusive  in  the 
Devonian  slate,  which  is  somewhat  changed  by  contact 
along  the  junction,  and  appears  to  run  inland  in  a 
north-westerly  direction.  Careful  examination  reveals 
the  existence  of  considerable  variation  within  its 
comparatively  narrow  limits.  In  bulk  it  has  a  greenish 
hue,  with  dark  specks  and  patches  ;  a  polished  surface 
presenting  a  rich  light -and -dark -green  mottling. 
Occasionally  it  has  a  subgranular  aspect,  and  at  times 
a  tinge  of  red,  while  veins  of  calcite  casually  occur. 

Other  parts  of  the  mass  are  black  and  slickensided, 
closely  resembling  some  of  the  exterior  portions  of 
the  Clicker  Tor  boss,  and  with  veins  and  patches  of 
a  fibrous  mineral,  which,  so  far  as  hardness  goes,  has 
more  claim  to  be  regarded  picrolite  than  chrysotile. 

The  rock  has  evidently  undergone  much  alteration, 
in  which  crushing  seems  to  have  been  exceptionally 
prominent.     In  its  general  facies  it  is  quite  unlike 
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any  other  exposure  in  South-East  Ciomwall.  It  ap- 
peared to  have  been  originally  a  dolerite ;  but  as  it 
was  not  so  easy  to  give  it  a  definite  name  now, 
having  regard  to  all  its  features,  I  preferred  in  my 
title  to  content  myself  with  using  the  adjective 
'  serpentinous/  to  which  it  is  unmistakably  entitled, 
though  by  no  means  a  serpentine. 

Among  the  minerals  shown  by  microscopic  ex- 
amination are :  Augite,  felspar,  olivine  or  enstatite, 
epidote,  pyrites,  ilmenite,  calcite,  apatite,  and  ser- 
pentine. 

As  has  already  been  indicated,  the  character  of  the 
rock  varies  considerably,  and  the  more  altered  por- 
tions display  very  puzzling  characters.  Professor 
Bonney  has  kindly  furnished  me  with  notes  on  my 
two  more  distinctive  microscopic  sections,  as  follows : 

R  (The  slickensided  form.)  "A  very  pale  greenish 
ground  mass,  apparently  made  up  of  a  densely  matted 
chloritic  mineral,  in  which  are  scattered  sundry  rounded 
spots  and  more  or  less  angular  mineml  forms.  Some 
of  these  suggest  the  presence  of  felspar,  but  they  are 
much  altered ;  the  smaller  are  to  a  great  extent 
replaced  by  vermicular  aggregates  of  the  chloritic 
mineral,  in  a  base  that  may  perhaps  be  quartz ;  the 
larger  are  commonly  bordered  by  a  zone  occupied 
chiefly  by  this  vermicular  chlorite,  the  interior  more 
or  less  spotted  with  them,  with  patches  more  resem- 
bling quartz  than  felspar,  and  in  one  or  two  cases  a 
little  calcite.  One  or  two  crystals  resemble  a  light- 
coloured  augite.  There  may  be  a  little  epidote,  and 
probably  is  some  iron  oxide.     On  the  edge  of  the 
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slide  appear  to  be  the  remains  of  two  cavities,  bor- 
dered by  a  chlorite,  (1)  which  in  one  case  lies  with  the 
folia  roughly  parallel  with  the  boundary  of  the  sup- 
posed cavity,  which  seems  to  have  been  filled  with 
calcite/' 

C.  "This  rock  is  considerably  decomposed,  and 
appears  to  have  been  subject  to  a  certain  amount 
of  mechanical  disturbance  after  consolidation.  The 
following  minerals,  however,  may  be  recognised : 
Felspar,  some  showing  the  twinning  characteristic  of 
plagioclase.  augite.  iion  oxide  (probably  ilmenit«). 
apatite  (?),  and  two  or  three  grains  of  a  serpentinous 
mineral  which  suggests  the  former  presence  of  olivine 
or  possibly  enstatite.  ...  A  crack  in  the  rock  is  occu- 
pied  by  a  mineral  which  appears  to  be  mainly  a 
felspar  and  not  a  quartz." 

The  great  diflference  in  their  existing  characters 
between  these  two  sections,  which  undoubtedly  are 
part  of  the  same  original  mass,  is  very  noteworthy ; 
and  the  difficulty  of  dealing  with  them  as  they  stand 
is  very  considerable.  B,  Professor  Bonney  remarks, 
has  now  the  appearance  of  having  been  "  a  compact 
basic  lava,  with  crystals,  sometimes  rounded  or  broken, 
of  a  felspar ;  the  whole  having  undergone  great  alter- 
ation, converting  the  base  into  a  mass  of  chlorite, 
and  attacking  the  felspar  present  porphyritically." 
C  is  hardly  less  difficult  to  decipher,  but  Mr.  Bonney 
is  of  opinion  "that  it  has  been  a  holocrystalline 
rather  felspathic  dolerite,  with  ophitic  structure ;  so 
that  it  is  one  of  those  to  which  I  should  apply  in  its 
present  condition  the  name  of  diabase." 
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I  may  add  that  a  section  since  cut  from  a  fresher 
portion  of  the  rock  (but  which  has  unfortunately 
been  mislaid)  entirely  confirms  this  view — ^the  leading 
oonstitaentB  being  felspar,  augite,  and  ilmenite,  with 
a  little  apatite.  How  far  B  may  have  originally 
varied  from  the  general  body  of  the  rock  there  is 
no  due ;  but  the  exposure  affords  some  of  the  most 
interesting  examples  of  alteration  with  which  I  am 
locally  acquainted. 


|losaI  dtologital  Sodet^  of  CorntDall. 
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ANNIVERSARY  ADDRESS  OP  THE  PRESffiENT, 

SIR  WARINGTON  SMYTH,  F.R.S., 
To  the  Oenercd  Meeting,  5th  November]  1887, 


Fob  onoe  in  a  way  your  Council  has  thought  it  advisahle  to 
d^iait  from  the  old  custom  of  holding  the  Anniversary  Meeting 
on  a  Friday,  in  order  that  we  might  not  interfere  with  the 
inaiigements  for  the  services  connected  with  the  consecration  of 
Tmio  GathediaL  Our  usual  week-day  of  meeting  having  heen 
set  aside  especially  fot  the  visitors  from  Penwith,  we  have  con- 
sidered it  desirahle  to  change  our  day  in  order  to  facilitate,  as  far 
as  in  us  lies,  the  presence  at  Truro  of  the  numerous  Memhers  and 
friends  interested  in  the  auspicious  occasion. 

The  past  year  has  heen,  in  many  points  of  view,  an  eventful  one. 
I  wish  that  we  could  keep  our  eyes  fixed  on  those  features  which 
may  be  regarded  with  unmixed  satisfaction :  the  spontaneous  and 
effusive  rejoicing  of  the  great  bulk  of  the  nation  in  the  happy 
Jubilee  of  our  exemplary  and  much-loved  Queen,  and  the  com- 
pletion, up  to  a  certain  point,  of  the  sacred  edifice,  which  has  not 
only  interested  '*one  and  all"  in  Cornwall,  but  is  watched  and 
admired  throughout  England. 

We  have,  however,  at  present  to  narrow  our  circle  of  vision,  and 
to  reoognize  the  mournful  is^i  that  there  has  hardly  ever  been  a 
year  in  which  our  Society  has  suffered  more  grievous  losses  among 
its  Members.  Hardly  anyone  will  enter  this  room  to-day  who 
will  not  miss  with  sorrow  the  presence  of  one  who  for  very  many 
years  has  been  so  constant  an  attendant  at  our  meetings,  so  liberal 
a  contributor  to  all  improvements,  and  so  genial  a  firiend  to  rich 
and  poor  alike.     Mr.  T.  S.  Bolitho  had,  it  is  true,  reached  his 
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eightieth  year ;  but  from  his  usually  robust  health,  and  from  his 
undimmed  mental  powers,  one  had  expected  that  years  of  useful- 
ness were  still  before  him.  Absorbed  as  he  was  from  an  early  age 
in  many  varieties  of  business,  as  well  as  occupied  with  public 
duties,  it  was  not  to  be  expected  that  Mr.  Bolitho  could  systemat- 
ically take  up  the  studies  and  pursiie  the  investigations  for  which 
your  Society  was  founded;  but  it  will  be  in  the  recollection 
of  many  that  we  seldom  had  a  subject  offered  for  discussion  on 
which  he  had  not  some  interestiog  anecdote  to  relate  or  some 
pertioent  observation  to  offer.  The  natural  bent  of  his  mind,  his 
retentive  memory,  and  his  clear-headed  judgment,  always  appeared 
to  supply  him  with  something  to  bring  in  at  the  right  place. 
Long  experience  in  the  metallurgy  and  commerce  of  tin,  and  also 
as  an  adventurer  in  mines,  had  enriched  him  with  an  amount 
of  knowledge  which  rendered  his  advice  most  useful  on  many 
occasions — ^whether  in.  devising  new  clauses  for  Acts  of  F&rliament^ 
or  in  smoothing  down  difficulties  in  times  of  distress,  or  in  cany- 
ing  on  the  workings  of  an  unprofitable  mine  as  long  as  was 
consistent  with  the  rules  of  prudence ;  and  no  one  was  more  ready 
than  Mr.  Bolitho  to  place  these  his  personal  advantages  at  the 
disposal  of  others  less  highly  gifted,  to  reconcile  disputes  on  aU 
sorts  of  subjects,  or  to  extricate  a  person  from  some  scrape  into 
which  he  had  blundered.  This  is  not  the  place  to  enlaige  upon 
his  excellence  as  a  citizen  and  as  a  dispenser  of  large  and  judicious 
charity ;  but  to  anyone  who  saw  and  analysed  the  throngs  attend- 
ing his  funeral  in  the  beautiful  churchyard  of  Gulval,  the  &ct  will 
have  come  home  and  been  for  ever  impressed  on  his  memory,  that 
no  man  could  have  been  more  beloved  throughout  an  extensive 
tract  of  country. 

Who  among  us  that  knows  anything  of  the  advance  of  the 
mechanical  sciences  during  the  past  two  centuries  has  not  felt  a 
pride  in  the  important  part  played  by  our  west-country  engineers  \ 
Elaborated  at  first  in  connection  with  the  working  of  the  Cornish 
mines,  their  inventions  and  improvements  have  reacted  upon  other 
branches  of  industry,  and  we  can  hardly  set  bound  at  the  present 
time  to  the  full  amount  of  credit  due  from  the  civilized  world  to 
the  Newcomens  and  Cawleys  who  erected  the  first  "  fire-engines," 
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almost  witliin  sight  of  these  windows,  moie  than  170  yeais  ago, 
and  to  a  g^xy  of  ingenious  and  skilful  mechanicians  who  have 
kqyi  the  hall  rolling  in  advance  up  to  our  own  time.  I  have, 
alas !  to  remind  you  of  the  serious  loss  sustained  hy  this  Society 
and  hj  the  community  at  laige  in  the  decease  of  an  eminent 
representatiYe  of  this  class,  Mr.  William  Hushand,  m.inst.o.i., 
80  well  known  for  years  past  as  the  managing  partner  of  the 
Hayle  Works.  A  native  of  Mylor,  he  was  destined  for  the  naval 
senioe;  hot  imbued  with  a  determined  taste  for  engineering,  he 
persevered  in  attempts  to  enter  the  establishment  of  the  Messrs. 
Harvey,  at  Hayle,  until,  in  1839,  he  was  accepted  as  an  apprentice 
IbfT  four  yeaia  And  in  this,  the  most  legitimate  and  efficient  form 
of  '^  Technical  School,"  young  Hushand  so  soon  distinguished 
himaelf  that  he  was  selected  in  1843  to  take  chaige  of  the  erection 
of  an  engine  constructed  by  that  firm  for  the  drainage  of  the 
Haariem  Lake — heavy  work  and  a  responsible  task  for  a  youth 
konclrad  into  a  strange  country.  The  cylinder  was  of  twelve  feet 
diameter,  the  eleven  pumps  worked  by  it  each  five  feet  three  inches, 
the  length  of  stroke  ten  feet,  and  the  total  weight  of  engine 
and  boilers  640  tons.  Acquiring  the  Dutch  language  with  mar- 
velous celerity,  and  gaining  credit  and  esteem  by  his  fertility  of 
resources  and  uprightness  of  character,  he  was  appointed  in  1845 
mechanical  engineer  to  the  Dutch  Government  Before  this  great 
woriL  was  completed,  which  gave  the  country  an  addition  of 
47,000  acres  of  excellent  land,  Mr.  Husband  suffered  from  attacks 
of  ague,  and  these  were  so  repeated  that  he  felt  himself  obliged 
in  1849  to  resign  his  post,  and  returned  to  England  with  health  so 
shattered  that  it  seemed  as  if  he  never  fully  overcame  the  effects 
of  that  insidious  disease. 

Various  branches  of  engineering  now  occupied  his  attention — 
bridges,  powder-magazines,  docks,  and  armoured  ships  of  war, 
shared  his  time  with  the  pumping-engines  among  which  he  had 
been  brought  up ;  and  after  acting  for  the  Hayle  firm  for  a  couple 
of  years  in  London,  he  returned  in  1854  to  Cornwall,  to  take  the 
entire  charge  of  the  manufactory,  and  for  many  years  has  been 
recognised  as  a  leading  and  thoroughly  practical  engineer  in  all 
that  relates  to  pumping  apparatus  and  mining  machinery.     I  need 
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only  advert  to  a  very  few  of  the  subjects  in  which  he  sucoeeaed 
in  making  improvements — the  balance-valve  for  waterworks,  as  a 
substitute  for  the  costly  stand-pipe;  the  four-beat  or  multiple 
valve,  largely  applied  in  heavy  pump  work;  and  the  stamps  so 
indispensable  in  tin  and  in  gold  mining,  of  which  he  devised 
several  modifications,  culminating  in  what  are  known  as  Husband's 
Patent  Oscillating  Cylinder  Stamps.* 

But  Mr.  Husband  was  not  a  man  of  one  set  of  ideaa  Devoted 
to  useful  reading,  he  was  particularly  attached  to  astronomy,  and 
employed  much  of  his  little  leisure  time  in  observation  of  the 
celestial  bodies  through  a  large  reflecting  telescope.  In  local 
afEedrs  he  was  notably  energetic  and  judicious.  The  volunteer 
movement  was  greatly  aided  by  his  exertions,  and  for  five  and 
a  half  years  he  did  his  part  excellently  as  captain,  in  maintaining 
the  efficiency  of  the  Duke  of  Cornwall's  8th  Company  of  ArtiUery. 
The  establishment  of  science  and  art  classes  at  Hayle  was  mainly 
due  to  him,  the  Lifeboat  Institution  had  his  active  co-operation, 
and  nowhere  could  a  warmer  Mend  be  found  to  the  aims  of  the 
working  and  the  exhibitions  at  Falmouth  of  the  Eoyal  Cornwall 
Polytechnic  Society. 

In  1885  Mr.  Husband  again  left  Cornwall  to  take  up  the 
general  management  in  London.  His  health  for  some  time  past 
had  been  failing,  and  short  visits  to  Carlsbad  and  to  Yichy  were 
attended  only  by  temporary  improvement;  but  he  nevertheless 
kept  up  his  interest  in  the  educational  progress  of  the  county,  and 
for  two  years  was  President  of  the  combined  Miners'  Association 
and  Institute. 

Our  valued  coadjutor  retained  his  mental  activity  and  desire  to 
do  good  up  to  the  last.  On  April  8th  of  this  year  he  was 
explaining  to  his  son  two  new  inventions;  one  for  a  further 
improvement  of  the  Cornish  engine,  the  other  for  the  ventilation 


*  Of  this  very  effective  machine  it  may  be  said  roughly,  that  whilst  an 
average  stamp-head  of  the  common  Cornish  or  Grerman  type  may  stamp  its 
one  ton  per  twenty-four  hours  (double  the  amount  that  used  t^  be  done 
years  ago),  a  West  American  "  stamper  '*  will  duly  reduce  thirty  cwt.  or  two 
tons,  and  a  single  head  on  Husband's  plan  will  beat  out  no  less  than  thirty- 
six  tons  of  tin-staff  of  a  moderate  degree  of  hardness. 
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of  metalliferouB  minea.  On  the  10th  of  the  same  month  he  was 
taken  from  his  sonowing  family  and  fiiendsy  in  his  sizty-fonrth 
year. 

We  have  also  lost  an  old  member  of  the  Society  in  Mr.  Joseph 
John  Lanyon,  of  Penzance. 

By  the  decease  of  Captain  James  Evans,  of  Nance,  Hlogan, 
one  of  onr  Associate  Members,  we  have  lost  one  of  an  old 
wchoal  of  mine  managers,  who  had  maintained  his  position  as 
the  directing  agent  for  several  mines  until  twelve  or  fifteen 
years  aga  He  was  reputed  to  be  a  good  tinner,  and  was  well 
known  in  Penwith  as  managing  captain  of  Levant  mine  for  some 
yean,  whilst  in  St  Agnes  he  worked  some  tin  mines  adjoining 
the  famous  Polberro,  and  further  north  was  concerned  with  the 
•econd  working  of  the  celebrated  lead  mine — East  Wheal  Sose* 
Captain  Evans  was  also  well  known  as  manager  of  West  Basset, 
and  instrumental  in  the  working  of  the  rich  copper  lode  of 
North  Pool,  on  the  lands  of  Lord  Bobartes. 

Among  our  Honorary  Members  there  is  probably  no  one  to 
whom  this  county  owes  so  much  as  to  Bobert  Hunt,  f.b.8.,  whose 
death  took  place  on  the  17th  of  last  month.  Bom  in  1807, 
at  Devonport,  and  thus  within  sight  of  the  Cornish  hiUs,  Mr. 
Hunt  passed  a  good  deal  of  his  early  boyhood  in  Cornwall,  and 
9ffpeeaa  to  have  derived  his  first  inspirations  from  the  neighbour- 
hood of  Penzance.  The  boy  had  but  little  advantage  from  the 
ordinary  methods  of  education;  and  placed  at  the  immature  age 
of  twelve  and  a  half  with  a  surgeon  practising  in  Paddington, 
had  to  work  up  against  difficulties,  and  seems  to  have  lost  no 
opportunity  of  acquiring  knowledge.  Passing  thence  to  a  certain 
Scotch  practitioner,  Dr.  Smith,  he  was  occupied  for  several  years 
in  Hatton  Garden  and  in  Fleet  Street,  and  afterwards  at  the 
West  End,  in  the  practice  of  pharmacy  and  dispensing.  Thence 
the  transition  was  natural  to  further  studies  in  chemistry,  and 
to  an  enthusiastic  following  up  of  Daguerre's  discoveries  in  photo- 
graphy. It  was  thus  that  he  was  led  to  write  a  Manual  of 
Photography,  the  first  guide-book  published  in  this  country  on  that 
rapidly-advanced  subject,  and  to  make  known  in  the  Philosophical 
Magazine  a  variety  of  processes  on  which  he  was  engaged.   Known 


70       Roycd  Geological  Society  of  ComwaU. 

as  an  experimenter  on  the  action  of  the  chemical  lays  of  the  sdar 
spectrum,  he  was  taken  into  counsel  with  regard  to  the  colour  of 
the  glass  to  he  employed  for  the  great  palm-houses  of  Kew. 

Even  as  a  lad  Eohert  Hunt  had  a  strong  touch  of  the  dlTine 
afflatus  of  poetry.  He  had  written  a  descriptive  poem  entitled 
**  Moimts  Bay,"  and,  if  the  writer  of  these  lines  is  not  mistaken, 
has  confessed  to  heing  the  author  of  a  tragedy.  When  opportunity 
offered,  he  had  strolled  in  simple  guise  about  the  country,  picking 
up  in  moorland  cottages  and  remote  farmhouses  those  delightful 
tales  and  traditions  and  mysterious  beliefs  which  he  published  in 
two  charming  little  volumes  as  the  Bamanees  and  Drolls  of  Devon 
and  ComwalL  His  Poetry  of  Science,  and  PaniheOf  The  Spirit  of 
Nature,  were  the  work  of  more  mature  age,  but  enjoyed  only  a 
limited  amount  of  popularity. 

In  the  meanwhile  Mr.  Hunt  had  felt  it  a  relief  to  be  moved 
from  his  short-lived  commercial  engagements,  to  a  sphere  giving 
him  more  ample  time  for  his  favourite  pursuits  of  literature 
and  science,  by  his  appointment,  in  1840,  to  the  Secretaiyship  of 
the  Polytechnic  Society  at  Falmouth.  Here  the  countenance  and 
aid  of  the  late  Sir  Charles  Lemon,  Bart,  Mr.  Enys,  and  the 
highly-cultivated  family  of  the  Foxes,  supported  him  in  ex- 
periment and  organization.  What  with  the  introductions  given  by 
the  post  he  held,  and  his  natural  sauvity  and  intelligence,  Mr. 
Hunt  became  widely  known  and  appreciated,  especially  among 
those  who  took  a  front  position  in  the  mining  industry  of  the 
two  counties. 

His  very  popularity  proved  to  be  the  means  of  dislodging  him 
from  his  position  at  Falmouth ;  for  the  late  Sir  Henry  De  la  Beche, 
so  well  known  from  his  Geological  Survey,  looking  round  for  a 
man  of  scientific  attainments  competent  to  act  as  the  Keeper  of 
Mining  Records  which  had  commenced  to  be  collected  at  the 
Museum  of  Practical  Geology,  at  that  time  in  Craig's  Court, 
and  now  in  Jermyn  Street^  selected  Mr.  Hunt  for  that  office 
in  1845,  and  on  the  establishment  of  systematic  teaching  at 
the  School  of  Mines,  recommended  him  also  for  the  Lectureship 
on  Physics. 

At  the  time  of  his  appointment  this  country  was  in  a  miserably 
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backwaid  state  as  to  an  accurate  knowledge  of  the  mineial 
sabetanoee  annually  laised.  It  was  deploied  that^  owing  to  a 
want  of  trustworthy  statistics,  many  great  commercial  transactions 
had  to  be  made  in  the  dark ;  and  there  being  no  machinery  for  the 
purpose  of  getting  at  the  facts,  it  devolyed  on  someone  to  take  a 
new  step  to  raise  us  from  a  state  of  ignorance.  Instigated  by 
De  la  Beche,  and  warmly  supported  by  several  leaders  of  mining 
enteipriae^  Bobert  Hunt  commenced  his  labours  by  tabulating  the 
statistics  which  he  could  obtain  of  the  production  of  copper  and 
tin  in  the  western  counties,  and  then  went  on  to  the  other  ores 
and  metals,  and  further  sgain  even  to  slates  and  building  8tone& 
Perhaps  no  person  could  be  found  in  the  whole  country  more 
capaUe  of  carrying  out  this  task.  Always  cheerful,  obliging  to  a 
degree^  and  possessing  from  his  preyious  studies  an  intelligent 
acqnaintaniOB  with  the  ramifications  of  the  matters  he  had  to 
cnqoira  into,  he,  either  in  writing  or  personal  visit,  applied  to  all 
prodneefB  of  mineral  He  had  no  compulsive  authority  such  as  in 
these  days  many  people  are  too  desirous  of  invoking,  but  his 
kindly  manner,  his  unselfish  desire  to  do  a  public  duty,  and  the 
judicious  way  in  which  he  proceeded,  won  the  day;  and  some 
mine  owners  who  in  the  sturdy  old  English  spirit  resented  any 
enquiry  into  their  private  afiOeurs,  gave  way  before  the  bland  per- 
with  which  the  object  of  the  collection  of  the  returns 
ex]^ined  to  them.  From  1853  till  1883  Mr.  Hunt  continued 
to  carry  out  these  useful  labours;  and  so  obvious  was  their  im- 
portance to  the  mining  and  metallurgical  world,  that  a  few  years 
ago  publie  meetings  were  called  in  London,  and  a  very  handsome 
testimonial  was  presented  to  him  by  the  leading  firms  and  indi- 
vidual persons  interested  in  these  branches  of  our  national 
wealth. 

The  compulsory  clauses  introduced  of  late  years  into  Mines 
Regolation  Acts  enabled  the  "  powers  that  be "  to  dispense  with 
Mr.  Hunt's  services,  and  to  throw  the  task  of  collection  of  the 
statistics  on  the  inspectors  of  mines,  by  whom  they  are  now 
presented  to  the  Home  Secretary,  to  be  published  in  another 
form. 

I  must  not  attempt  to  set  before  you  an  account  of  his  literary 
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work,  the  descriptiYe  catalogues  for  International  EzhibitioD^ 
the  lighter  contrihations  to  Tarions  periodicalsy  moie  aeaoiit 
communications  and  reports  to  the  Biittsh  Association,  and  tiie 
heayj  labour  attaching  to  the  revising  and  enlaiging  three  aucoea- 
sive  editions  of  Dr.  Ure's  Dtctionary  of  Arts^  Maxwfaudwni^  ^e^ 
with  which  Mr.  Hunt  was  entrusted  by  Messn.  Longman.  Theae^ 
with  sundiy  other  works,  concluding  with  a  very  bulky  ▼ofamie 
of  collected  information  on  British  mines,  indicate  an  amount  of 
literary  exertion,  too  often  extended  by  him  far  into  the  ni|^t^ 
which  was  a  marvel  to  those  who  were  aware  of  the  feeble  and 
sometimes  precarious  health  firom  which  he  had  suffered  for  many 
years. 

There  remains  one  chapter  of  his  history  which  cannot  be 
omitted — his  perseveriujg  efforts  to  improve,  by  special  teaching, 
the  education  of  the  young  miners.  The  establishment  of  a 
mining  school,  based  on  subscriptions,  at  Truro  was  not  a  suooees; 
and  in  pondering  over  the  question  how  the  rudiments  of  chemistry, 
mineralogy,  and  mechanics  might  be  taught  to  lads,  without  ixguxy 
to  their  acquiring  skill  as  workmen,  it  appeared  to  Mr.  Hunt 
desirable  to  try  to  take  the  teachers  in  succession  to  the  various 
centres  of  mining  operations.  Thus  the  ''Miners'  Association " 
was  formed,  which  for  over  twenty  years  has  been  doing  good 
work,  and  is  now,  it  may  be  hoped,  strengthened  by  its  being 
united  with  the  ''Mining  Institute,"  where  experienced  mine 
managers,  engineers,  and  surveyors  are  induced  to  discuss  questions 
of  a  more  advanced  kind. 

No  trouble  was  too  repellent,  no  correspondence  too  burdensome, 
to  check  Mr.  Hunt's  ardour  in  his  pet  scheme;  and  when  he 
could  conjoin  his  work  with  a  sojourn  at  St.  Agnes  or  St  Ives, 
he  revelled  in  the  air  and  seashores  of  Cornwall,  and  in  the 
character  of  its  inhabitants,  into  which  he  had  obtained  so  deep 
an  insight  Alas!  those  visits,  pleasing  alike  to  himself  and  to 
those  he  met,  are  past  and  gone ;  but  there  remains  the  good  work 
that  he  has  done,  and  the  green  memory  of  one  whom  I  may,  after 
more  than  forty  years'  friendship,  confidently  assert  was  one  of 
the  most  trustworthy  of  colleagues  and  one  of  the  most  amiable 
of  men. 
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Anotber  of  our  Honoiaiy  Members  who  has  been  remoyed.&om 
QB  by  desth  was  Mi.  W.  Wagner,  President  of  what  is  termed 
the  Wagner  Institute,  of  Philadelphia,  United  Statea  This  was 
a  genflroiu  and  energetic  instructor  of  youth  on  the  other  side  of 
the  Atlantic,  who  visited  Penzance  a  few  years  ago;  and  who, 
whikt  collecting  vigorously  for  his  own  ''Institute,"  was  so  pleased 
with  what  had  been  done  by  this  Society,  as  to  send  over  a 
ptesent  of  veiy  acceptable  American  minerals. 

I  ahoold  not  be  fhlfiUing  my  duty  to  the  geology  of  the  county 
were  I  to  omit  calling  your  attention  to  the  decease  in  January 
krt  of  Mr.  John  Arthur  Phillips,  F.R.S.,  f.o.s.,  who,  although  not 
a  member  of  this  Society,  was  a  native  of  the  county,  and  for 
sevecal  years  past  contributed  much  to  the  advancement  of  chemical 
and  geological  science. 

In  the  first  volume  of  your  TrcoMactuma  Mr.  J.  Hawkins,  F.R.B., 
gave  a  number  of  obeervations  on  the  old  Polgooth  Mine,  near 
St  Austell,  quoting  chiefly  its  ''  very  intelligent  director,"  whom 
be  consolted  in  the  year  1791.  Our  late  associate  in  the  London 
Geological  Society  was  the  grandson  of  that  approved  manager; 
and,  bom  near  Polgooth,  had  the  advantage  of  making  early 
acquaintance  with  the  Polytechnic  at  Falmouth,  and  with  our 
late  revered  member,  Mr.  Kobert  Fox,  f.r.s.  Hence  probably  it 
cime  about  that  he  passed  through  the  educational  courses  of  the 
Eoole  des  Mines  at  Paris,  and  then  addressed  himself  to  a  series 
of  stepping-stones,  some  of  which  gave  him  tolerable  support, 
whilst  others  were  less  satisfactory.  Metallurgical  chemistry 
became  his  forte,  and  the  success  which  he  at  last  attained  in  a 
woriL  dealing,  at  Widnes,  with  the  burnt  refuse  of  Spanish  pyrites, 
placed  him  some  years  ago  in  an  independent  position.  Ko 
sooner  was  he  thus  released  from  the  daily  cares  of  business,  than 
ha  was  able  to  follow  out  his  favourite  bent.  He  joined  the 
Creological  Society,  investigated  and  described  a  number  of  pheno- 
mena connected  with  mines  and  geology,  and  brought  out  new 
editions  of  some  of  the  larger  works  which  he  had  found  time  to 
write  in  the  intervals  of  his  industrial  engagements. 

Although  residing  but  little  in  his  native  county,  Mr.  Phillips 
was  in  many  respects  a  thorough  Comishman,  having  a  quick 
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senae  of  hamonr,  and  telling  a  tale  from  his  retentive  memoiy 
with  spirit  and  point  Always  prepaied  with  kindly  generosity 
to  assist  the  deserving,  he  could  speak  out  veiy  plainly  aboat 
tricksters  and  pretendera  At  the  council-table  he  was  a  yeiy 
useful  adviser,  and  it  was  with  the  deepest  feeling  of  sorrow  that 
his  many  Mends  heard  of  the  sudden  and  unexpected  attack 
which  terminated  his  life. 

No  one  interested  in  the  geology  of  Cornwall  will  omit  to  read 
Mr.  Phillips's  papers  on  the  various  igneous  rocks  of  the  comity ; 
and  on  the  chemistry  of  the  salt  spring  at  Wheal  Seton,  and 
on  the  Wolf  Rock.  Most  of  them  will  be  found  in  the  Quarterly 
Journal  of  the  Gedogiccd  Society,  The  very  steps  of  granite, 
by  which  we  gain  access  to  the  front  of  the  Penzance  public 
buildings,  call  for  grateful  recognition  of  his  labour  in  the 
chemical  and  microscopical  examination  of  those  black  endosures 
which  are  so  often  to  be  seen  in  other  varieties,  as  well  as  the 
boldly-featured  granite  of  Lamoma. 

Among  other  events  of  the  year,  it  has  been  the  agreeable  task 
of  your  Society  to  welcome  to  Cornwall  a  large  party  belonging  to 
a  young  and  vigorous  sister  institution — the  Geologists'  Association 
of  London.  To  the  number  of  seventy  or  eighty,  the  ladies  and 
gentlemen  who  volunteered  for  a  week's  excursion  to  West 
Cornwall,  made  a  judicious  selection  of  objects  suitable  for 
attention  during  the  time,  aided  by  an  admirable  programme, 
which  was  illustrated  by  sketch  maps,  and  by  short  descriptive 
papers.  Led  by  their  indefatigable  President  and  Secretary, 
Mr.  Eudler,  f.q.b.,  and  Dr.  Foulerton,  f.o.s.,  this  large  party 
carried  out  their  scheme  with  marked  success,  won  golden  opinions 
from  the  natives,  and  appeared  charmed  with  all  that  they  saw. 
On  the  9th  of  August  they  arrived  in  Penzance,  and  next  morning 
proceeded  to  St.  Erth  to  inspect  the  Pliocene  beds  which  have 
aroused  so  much  interest  Your  Council  considered  it  desirable  to 
further  the  views  of  this  cognate  body  by  haviog  the  fossiliferous 
pit  ready  opened  for  them,  a  task  which  was  carried  out  by 
the  good  offices  of  Mr.  Cornish. 

The  association  then  passed  the  afternoon  at  St  Michael's 
Mount ;  and  the  next  two  days  were  devoted  to  the  Land's  End 
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and  St  Jnst^  not  omitting  an  inspection  of  Mr.  G.  C.  Boss's 
cabinet  of  mineralSy  and  of  the  collection  of  this  Society,  which 
appear  to  have  afforded  great  satisfEU^tion. 

It  isi  of  conrsey  impossible  on  a  brief  excursion  to  do  more  than 
^anee  at  a  few  localities  io  which  some  of  the  special  geological 
pbenoinena  may  be  most  distinctly  seen.  It  is  left  for  those  who 
remain  on  the  groimd  for  a  longer  period  to  examine  such  points 
in  fuller  detail,  to  multiply  observations  on  analogous  questions, 
and  to  draw  from  what  ihej  study  deductions  more  satisfactory 
than  thoee  we  have  been  hitherto  supplied  with.  The  questions 
put  by  members  of  the  Association,  and  the  papers  frequently 
to  be  aeen  in  the  scientific  journals  and  magazines  of  this  and 
other  oonntries,  remind  me  that  there  are  many  questions  relating 
to  the  geology  of  this  county  which  remain  unsolved,  and  that 
thece  opens  before  our  view  the  large  field  of  Petrology,  in  which 
as  yet  the  Cornish  societies  have  taken  but  small  part  True  that 
our  f orefiithers,  in  the  early  years  of  this  Society,  worked  hard  and 
kmg  to  advance  the  knowledge  of  the  rocks  which  in  so  many 
parts  of  Cornwall  attract  the  attention  of  the  most  incurious ;  and 
they  made  extensive  collections  which,  although  placed  on  our 
shelves,  have  for  years  past,  I  am  a&aid,  not  received  the 
consideration  to  which  they  are  entitled. 

Forty  years  ago,  it  was  generally  held  in  this  country  that 
a  dose  attention  to  the  details  of  differences  between  igneous  rocks 
was  an  unnecessary  task,  wearisome  alike  to  investigator  aud  to 
auditor.  It  was  even  held  that  a  careful  study  of  these  differences, 
and  a  corresponding  exactness  of  nomenclature,  were  all  very  well 
lor  a  Frenchman  or  a  German,  but  were  inimical  to  the  breadth  of 
view  which  befitted  a  geologist  This  is  now  greatly  changed,  and 
ever  since  the  new  light  thrown  by  the  microscope,  and  the  eluci- 
dations of  Dr.  Sorby,  f.rs.,  on  thin  sections  or  slices  of  rock, 
descriptions  and  illustrations  have  multiplied  greatly,  and,  as  is 
apt  to  be  the  case  with  a  new  branch  of  science,  new  terms  are 
required,  and  we  are  threatened  with  a  plethora  of  Greek  com- 
pounds, which  may  possibly  go  fai  towards  repelling  the  recent 
Oxford  crusade  against  the  study  of  that  ancient  tongue. 

Valuing  most  highly  what  has  been  contributed  within  the  last 
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few  yean  to  the  knowledge  of  onr  locks,  especially  by  the  late 
J.  A.  PhillipSy  by  Professor  Bonney,  and  Mr.  Teall,  I  cannot  but 
recommend  to  our  younger  members  the  farther  extension  of 
researches  which  have  become  both  fashionable  and  necessary. 
Let  me,  however,  throw  in  a  caution,  that  attempts  at  petzology 
by  the  microscope  alone,  without  a  suitable  foundation,  would  be 
a  delusion  and  a  snare;  that  such  a  study  must  rest  upon,  and 
co-exist  with,  a  familiarity  with  mineralogy,  both  in  its  physical 
and  its  chemical  aspects,  and  that  our  fathers  were  wise  in  their 
generation  when  they  set  store  by  establishing  as  the  first  step 
in  their  museum  a  good  collection  of  minerals. 

I  am  not  proposing  on  this  occasion  to  bring  the  subject  more 
fully  before  you,  but  there  is  one  branch  of  the  enquiry  in  which 
the  abundant  opportunities  o£fered  to  us  by  Nature  here  in  Cornwall 
ought  to  make  us  deeply  interested,  and  for  which  we  might 
expect  more  often  to  enlist  recruits  of  the  hammer.  This  is  the 
investigation  of  the  character  and  causation  of  the  contact  and 
metamorphic  rocks.  Let  any  careful  observer  approach  the 
granite  border  ham  the  killas  which  environs  it,  and  he  will 
find  that  a  change,  more  or  less  marked,  is  observable;  not 
always  in  the  direct  ratio  of  the  distance,  but  of  the  same  character 
in  many  different  districts.  Again,  let  him  pass  from  the  granite 
of  Penwith  to  the  rugged  coast  line  of  St  Just»  and  he  will 
wonder  at  the  variety  and  mineral  nature  of  the  rocks  which  it 
has  been  too  usual  to  group  together  as  ''  killas,"  simply  because 
they  were  not  granite ;  or  as  "  altered  killas,"  in  order  to  cover  our 
want  of  precision  in  dealing  with  a  section  which  deserves,  every 
inch  of  it,  to  be  measured  and  thoughtfully  examined.  Down 
they  go  to  the  dip,  these  massive  craggy  beds,  passing  away 
westward  far  below  the  ocean,  with  a  strange,  mysterious  character 
about  them,  showing  in  the  deep  workings  of  Botallack  and 
Levant  mines,  only  rarely,  some  distinctly  recognizable  mineral 
other  than  in  the  lode&  Are  these  decidedly  stratified  rocks) 
Certainly  they  are  so.  Are  these  approximately  parallel  lines, 
white,  and  green,  and  black,  signs  of  stratification)  No;  it 
cannot  be  maintained  that  they  are.  The  parallelism  is  not  true 
enough,  the  stripy  portions  too  are  made  of  very  different  materials. 
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Here  you  will  see  little  parallel  bands  of  chlorite  (peach)  alternating 
with  dull  qnartzy  at  another  addnolite,  or  again  garnet  and  axinite, 
oar  aometiineB,  inches  thick  together,  crystalline  schorl  or  ''  cockle." 
Such  an  appearance  as  this,  showing  a  re-arrangement  of  con- 
stitnent  parts  according  to  chemical  affinities,  is  foliation.  With 
this  may  be  combined  further  chemical  change  of  the  substances, 
liberated  as  it  were  by  foliation,  or  the  gradual  alteration  of  a 
mass  by  little  veins  and  threads,  as  of  hornblende,  inducing  what 
has  been  termed  amphibolization. 

Professor  Bonney,  f.&s.,  of  Cambridge,  our  late  President  of 
the  Geological  Society,  has  lately  treated  this  subject  in  so  practical 
and  philosophical  a  way,  that  I  shall  not  scruple  to  quote  some 
of  his  statements,  partly  in  order  to  inculcate  caution,  and  partly 
to  show  how  a  field  of  promising  research  may  have  to  be 
approached  through  a  rather  bristling  thicket  of  technical  nomen- 
datuie. 

Dr.  Bonney  begins  by  adverting  to  the  lack  of  precision  in  the 
use  of  certain  terms.  ''For  instance,  two  words  of  primary 
importance — metamorphiem  and  schist — are  as  yet  far  from  being 
uaed  in  a  definite  sense.  One  geologist  will  speak  of  the  rocks 
of  a  particular  district  as  *  metamorphic,'  or  as  exhibiting  '  regional 
metamorphism^'  when  they  are  only  silky  slates  and  indurated 
grits,  which  may  perhaps  be  termed  quartzites ;  rocks,  that  is  to 
aay,  in  which  subsequent  chemical  change  has  utterly  failed  to 
obliterate  the  indications  of  an  original  'clastic'  condition.  Another 
will  mean  by  the  same  phrase  that  the  rocks  are  gneisses  and  cry- 
stalline schists  (micaceous,  homblendic,  &c.) ;  that  is,  rocks  in  which 
the  original  constituents  have  been  practically  efifaced  by  subse- 
quent chemical  changea"  He  inclines  to  the  opinion  that  "  rocks 
should  be  called  metamorphic  when  such  marked  mineralogical 
change  has  taken  place,  that  their  original  condition  is. a  subject 
for  indnctive  reasoning  rather  than  for  simple  observation."  With 
the  term  schist  he  complains  that  authors  often  leave  us  in  doubt 
whether  they  mean  a  "  hard,  rough  shale,  or  a  badly-cleaved  slate, 
or  a  foliated  (and  so  truly)  metamorphic  rock."  Granting  that 
the  word  "  metamorphic  "  is  too  vague,  and  that  terms  might  be 
tobetitiited,  indicating  more  precisely  the  nature  of  the  change, 
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he  oontinaee  that  **  Meeszs.  King  and  Bownej  hare  propbaed  to 
divide   metamoiphic  locks   into  two  gioape — mineraHaed  and 
mdhylosed — the  one  denoting  those  in  which  the  original  eon- 
stitnents  have  fonned  hy  ciystallization  yariona  definite  nunenls; 
the  other,  those  in  which  the  constitaents  have  heen  changed  hj 
chemical  le-actiona   For  the  latter  process  the  terms  meUuomaiodi 
and  paramorphoni  have  also  heen  propoeed  \fj  certain  other 
anthers.     Further,  Mr.  Kinahan  has  propoeed  to  vpgij  the  term 
parqptesia  to  the  e£fects  produced  hy  contact  with  intmaiTe  masses 
of  igneous  rocks,  and  metapepgia  to  the  effects  of  regional  meta- 
morphism.     I  doubt,  however,  whether  the  more  hi^brsonnding 
parqpteais  is  better  than  the  plainer  'contact  metamorphisnUy'  and 
it  is  at  least  not  more  accurate,  neither  do  I  think  mdaptptu  any 
particular  gain.'' 

Dr.  Bonney  proceeds  to  suggest  the  following,  if  it  he  deaicaUe 
to  distinguish  the  various  modifications  comprehended  in  the 
general  term  metamorphisuL 

''  1.  MetoBtoM  (change  of  order),  denoting  changes  rather  of  a 
paramorphic  character,  such,  for  example,  as  the  crystallization  of 
a  limestone,  the  devitrification  of  a  glassy  rock.  2.  MetaeragU 
(re^sombination),  denoting  changes  like  the  conversion  of  a  mud 
into  a  mass  of  quartz,  with  mica  and  other  silicatea  3.  MethyUma 
(change  of  substance),  denoting  change  rather  of  a  pseudomorphic 
character.  Under  these  terms  I  believe  all  the  principal  changes 
which  we  have  to  consider  would  be  included,  but  I  must  confess 
to  no  great  love  for  augmenting  the  technical  terminology  of 
science.  A  compound  word  of  foreign  origin  is  no  doubt  some- 
times a  gain,  by  serving  as  a  brief  symbol  to  express  a  complex 
idea ;  but  there  is  always  a  danger  lest  it  should  be  used  to  mask 
ignorance  rather  than  to  feusilitate  reasoning." 

Further,  the  observation  of  some  years  past  has  tended  to 
strengthen  the  opinion  that  a  crushing  of  the  rocks*  tn  bUu  by 
great  earth  movements  is  competent  to  produce  changes  of  a 
special  kind,  for  which  he  would  apply  the  term  ''pressure 
metamorphism  ...  to  cases  where  the  effects  of  pressure  may 
he  recognized  with  reasonable  certainty ;  and  to  reserve  the  term 
^r^onal   metamorphism'    for    those    ancient    rocks    occupying 


President's  Address.  79 

exiensiTe  aieas  of  the  earth's  snr&ce,  which,  whatever  be  their 
histoiy,  are  in  all  probability  by  no  means  in  their  original 
eondition.** 

Admitting  that  although  greater  precision  in  knowledge  of  the 
sabject  might  advantageously  be  reflected  in  the  nomenclature 
employedy  it  is  very  doubtful  whether  we  are  at  present  ripe  for  a 
terminology  like  that  proposed.  There  is,  however,  one  thing 
pretty  clear,  that  within  the  last  thirty  or  forty  years  we  have 
attained  to  a  healthier  state  of  opinion  about  the  igneous  rocks 
themselveB,  and  are  hence  in  a  position  to  judge  more  decisively 
on  questions  relating  to  metamorphism.  Eecollect  that  it  was 
only  in  1833  that  Sir  Charles  Lyell  introduced  the  term  in  his  first 
edition  of  the  Principles  of  Geology^  and  that  his  reasoning, 
based  as  he  allowed  on  the  hypothesis  of  Dr.  Button,  received 
only  a  partial  acceptance.  In  that  form  it  was  so  bound  up  with 
some  of  the  fundamental  tenets  of  the  history  of  the  world,  that 
dednctiona  might  easily  be  carried  too  far ;  but  the  wide  attention 
now  given  to  the  subject  has  led  to  more  discrimination,  and 
the  above  remarks  may  perhaps  aid  the  observer  in  following 
the  right  path.  Let  us  hope  that  Cornwall  will  not  be  behind- 
hand in  following  up  the  line  of  studies  suggested  by  the 
constitution  of  the  soil,  and  valuable  alike  to  practical  ends  as  to 
the  advancement  of  pure  Science. 


REPORT  OF  THE  COUNCIL 


At  the  close  of  another  year  it  once  more  becomes  the  duty  of  the 
CoQneU  to  lay  before  the  Society  a  rSmmS  of  its  proceedings  since 
ibe  last  Annual  Meeting ;  and  in  presenting  their  seventy-fourth 
AoDoal  Report^  they  have  the  particular  satisfaction  of  congratulat- 
ing the  Members  upon  the  well-merited  honour  which  has  been 
done  the  President  in  the  bestowal  of  a  knighthood  upon  him  by 
Her  Miyesty  the  Queen,  who  was  further  graciously  pleased  to 
accept  the  congratulatory  address  which  was  offered  to  her  by  this 
Society  upon  the  occasion  of  her  Jubilee. 

To  your  Museum  a  number  of  specimens,  including  some  of 
pirtieular  interest,  haye  been  added  during  the  past  twelve 
months,  as  the  Beport  of  your  Curators  will  inform  you  in 
detail 

Your  Librarian  also  records  a  goodly  number  of  works  purchased 
or  given  to  the  Society,  which  have  been  placed  upon  the  shelves. 
It  will  again  be  necessary  at  no  very  distant  date  to  increase  the 
bookcasoo. 

A  copy  of  the  Catalogue,  originally  compiled  by  Mr.  Taylor, 
and  continued  by  him  in  MS.  up  to  date,  has  also  by  him  now 
been  completed  as  an  index  to  the  Library,  having  the  shelf-mark 
appended  to  the  entry  of  each  work.  It  lies  on  the  table  for 
referenceu 

The  Science  Classes,  carried  on  in  the  basement  of  this  building 
by  Messrs.  Bamett  and  Corin,  continue  their  useful  course ;  and  it 
18  satisfactory  to  know  that  the  number  of  students  is  this  year 
largely  in  excess  of  previous  years,  the  result  being  that  the 
present  accommodation  afforded  by  this  Society  proves  insufficient. 
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A  scheme  for  the  erection  of  huger  and  more  conyenient  class- 
rooms is  abeady  projected.* 

It  is  with  pain  that  the  Council  allude  to  the  losses  by  death 
which  have  befiEdlen  the  Society  during  the  year.  Among  our 
Ordinary  Members  we  have  to  record  the  decease  of  Mr.  Joseph 
James  Lanyon  and  Mr.  William  Husband,  who  frequently  attended 
our  meetings,  the  latter  being  a  contributor  of  several  papers ;  and 
Mr.  Thomas  Simon  Bolitho,  a  valued  supporter  of  the  Society  for 
the  greater  portion  of  its  existence,  whose  knowledge  of  mining 
matters  and  experience  made  him  prominent 

Among  our  Honorary  Members  we  have  special  reason  to  lament 
the  recent  decease  of  Mr.  Robert  Hunt,  F.R.S.,  whose  ready  pen 
has  helped  to  enrich  our  Transactions.  In  Mr.  W.  Wagner,  of 
Philadelphia,  U.S. A,  we  have  also  lost  another  Honorary  Member, 
through  whose  generosity  upon  a  former  occasion  we  acquired  a 
valuable  series  of  specimens. 

In  conclusion  the  Council  desire  to  recommend  the  election  of 
Mr.  J.  A  Daniel],  of  Polstrong,  Camborne,  and  Mr.  A.  Pinching, 
H.M.  Inspector  of  Mines,  as  Ordinary  Members  of  this  Society. 

*  ''During  the  past  year  classes  in  Theoretical  and  Practical  Chemistry 
have  been  conducted  in  the  classrooms  and  Laboratory  of  the  Society  by  Mr. 
A.  K.  Bamett  and  Mr.  K  C.  Conn,  and  at  the  examinations  held  by  the 
Science  and  Art  Department  last  May  many  students  presented  themselves, 
and  by  the  positions  they  took  at  Uie  examinations  showed  that  a  sound 
course  of  instruction  had  been  imparted,  and  that  they  had  gained  a 
thorough  grounding  into  this  important  branch  of  science. 

''The  classes  were  resumed  last  month  for  the  winter  course,  and  the 
number  attending  is  larger  than  for  any  previous  year,  every  bench  in  the 
Laboratory  being  occupied." — ^A.  K.  B. 


LIBRARIAN'S  REPORT. 


Thb  Libnuian  has  to  report  that  since  the  last  Annnal  Meeting 
a  large  number  of  voliunes  have  been  bound  (at  an  expense  of 
£16  7s,  6d,\  and  is  pleased  to  add  that,  owing  to  the  completion 
of  the  Catalogae,  the  Library  is  now  more  than  ever  ayailable 
for  the  use  of  Snbscribers. 

The  following  works  haye  been  added  to  the  Library  daring 
the  year: 

L  TRANSACTIONS,  JOURNALS,  AND  REPORTS. 

PruenUd  hy  the  respeeUve  Societies,  Editors,  ami  other  Dcmars, 

or  purchoLsed, 

Boston.    American  Academy  of  Arts  and  Sciences. 

Proceedings:  YoL  xiy.,  part  1,  May  to  December,  1886. 
8ya     Boston,  1887. 

BnstoL     Bristol  Naturalists'  Society. 

Proceedings:  Vol  v.,  part  2,  N.S.  (1886-87).  Report,  Lists,  &a, 
for  the  year  ending  30th  April,  1887.     sVo.    Bristol,  1887. 

Brassels.    Soci^t^  Royale  Malacologique  de  Belgique. 
Procia-yerbal,  pp.  1-80,  1885. 

„  „    97-144,  1886.    8yo.    Bruxelles,  1886-87. 

Ctlifomia.    California  State  Mining  Bureau. 

Sixth  Annnal  Report  of  the  State  Mineralogist  [H.  6.  Hanks], 
parts  1  and  2,  year  ending  June  1, 1886.  8yo.  Sacramento 
1886-87. 

Camborne.     Mining  Association  and  Institute  of  ComwalL 
Transactions :  YoL  i,  part  3.     8yo.     Camborne,  1887. 

Cambridge.     Cambridge  Uniyersity  Library. 

Thirty-second  Annual  Report  of  the  Library  Syndicate^ 
June  8th,  1887.    4to.    Cambridge,  1887. 
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Canada.    Geological  and  Natoial  Histoiy  Survey  of  Canada. 

Annoal  Heport,  with  accompanying  Maps.  By  A.  fi.  C. 
Selwyn.    Vol  L  (New  Series),  1886. 

[Contains  Eeports  by  A.  K.  C.  Selwyn,  O.  M.  Dawson, 
R  G.  McConnell,  A.  C.  Lawaon,  A.  P.  Low,  R  Bell, 
R  W.  EUs,  L.  W.  Bailey,  R  Chalmera,  K  Costd,  and 
G.  C.  Hoffinan].     Svo.     Montreal,  1886. 

,    Colonial  and  Indian  Exhibition,  London,  1886. 

Descriptiye  Catalogue  of  a  Collection  of  the  Economic 
Minerals  of  Canada.  By  the  Geological  Corps.  A.  R  C. 
Selwyn,  Director.     8vo.     London,  1886. 

.     Geological  and  Topographical  Map  of  the  Korthem  Part 

of  the  Lake  of  the  Woods  and  adjacent  country.  By  A.  C. 
Lawson.     1885. 

,    Canadian  Listitute,  Toronto. 

Proceedings :  fasc.  1,  2,  of  yoL  iy.,  series  iiL    8ya    Toronto, 

1886-87. 
.    Eoyal  Society  of  Canada. 

Transactions :  YoL  iil,  1885 ;  vol  iv.,  1886.    4to.    Montreal, 

1886-87. 

Colorado.    Colorado  Scientific  Society. 

Proceedings :  YoL  iL,  part  2.     8yo.    Denyer,  1887. 

Dorpat     Dorpater  Naturforscher-GeseUschaft.     Archiy  fur  die 
Natur.  Liy-,  Ehst-  und  Kurlands : 

L  Serie.    Band  ix.,  lie£  4.    8yo.    Dorpat,  1887. 
Sitzungsberichte :  Band  yiiL,  heft  1.     8yo.    Dorpat,  1887. 

Dublin.    Eoyal  Dublin  Society. 

Scientific  Proceedings :  New  Series,  yoL  y.,  parts  3-6.     8yo. 

Dublin,  1886-87. 
Scientific  Transactions :  Series  ii,  yoL  iiL,  parts  11-13.     4to. 
Dublin,  1886-87. 
Edinburgh.    Edinburgh  Geological  Society. 

Catalogue  of  the  Library.     8yo.     Edinburgh,  1887. 
Transactions :  Parts  2,  3,  of  yoL  y.    8yo.    Edinburgh,  1887. 

Falmouth.    Royal  Cornwall  Polytechnic  Society. 

Fifty-fourth  Annual  Beport,  1886.    8yo.    Fahnouth,  1887. 


Librarian's  Report.  85 

Fieibeig.  Jahrbach  f tir  das  Beig-  and  HUttenwesen  im  Konigreiclie 
Sachaen,  aof  das  jahr  1887.    I  Thea    8yo.    Freibeig,  1887. 

HalifiiT.     Geological  and  Polytechnic  Society  of  the  West  Biding 
of  Yorkshiia 
Piooeedings :  YoL  ix.,  part  2.     8yo.     Halifax,  1887. 

Halle.     K.  Leop.-CaroL  Deutschen  Academic  der  Natnrfoischer. 
NoYa  Acta :  YoL  xlviii 

„  „    IL,  No.  1. — ^Die  Yersteinenmgen  des  Cam- 

btiachen  Schichten  systems.    Yon.  Dr.  Joh.  Georg  Bome- 
mann.     4to.    Halle,  1886. 

India.    Geological  Survey  of  India. 
Catalogaes: 

Catalogue  of  the  Hemains  of  Siwalik  Yertebrata 
contained  in  the  Greological  Department  of  the 
Indian  Museum,  Calcutta.  Part  1 :  Mammalia. 
Part  2:  Aves,  Reptilia,  Piscea    By  K.  Lydekker. 

Catalogue  of  the  Remains  of  Pleistocene  and  Pre- 
Historic  Yertebrata  contained  in  the  Geological 
Department  of  the  Indian  Museum,  Calcutta. 
By  R  Lydekker.     8yo.     Calcutta,  1885-86. 

Palseontologia  Indica : 

Feistmantel :  The  Fossil  Flora  of  some  of  the  Coal-fields 
in  Western  Bengal.    [Series  xii.,  voL  iy.  part  2.] 

Lydekker :  The  Fauna  of  the  Kamul  Caves.     [Series 

X.,  YoL  iy.,  part  2,  and  addendum  to  part  1.] 
Waagen :  Salt-Eange  Fossils.     Productus — Limestone 

Fossils : — Ccelenterata. 
Title-page  and  Contents  of  YoL  L  of  Tertiary  and 
Upper  Cretaceous  Fauna  of  Western  India. 

4to.     Calcutta — London,  1886. 
Becords :  YoL  xix.,  part  4. 

„  „     XX.,  parts  1,  2.    8vo.     Calcutta,  1886-87. 

Leicester.     Leicester  Literary  and  Philosophical  Society. 

Beports  of  the  Council  .  .  .  and  Sections  .  .  .  June  21st, 
1886,  and  June  27th,  1887. 

Transactions :  New  Quarterly  Series,  part  1,  October,  1886 ; 
parts  2, 3, 4,  January  to  July,  1887.   8vo.   Leicester,  1886-87. 
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Leipzig;    Mittheilungeii  des  Yereins  fiir  Erdknnde  za  Leipog; 
1884,  1885.    8vo.    Leipzig,  1885-^6, 

Li^ge.     Soci^t^  Gdologique  de  Belgiqne. 

Procte-yerbal  de  rAseembl^  G^n^rale  da  2l8t  Novembie, 
1886.    8ya    Li^  1887. 

Lille.     Soci^t^  Gdologique  da  Nord. 

Annales :  Tome  xiiL,  1885-86.     8yo.    Lille,  1886. 

Liverpool     Liverpool  Engineering  Society. 
Transactions :  YoL  vi,  Session  1885. 
-  Eeport,  Bales,  &c.,  1886 ;  List,  1887. 

8vo.     Manchester,  1886-87. 

.    Liverpool  Geological  Association. 

Transactions :  YoL  vi,  Session  1885-86. 
„  „    viL,  Session  1886-87. 

8vo.    Liverpool,  1885-87. 

,    Liverpool  Geological  Society. 

Proceedings :  YoL  v.,  parts  1,  2.     8vo.    Liverpool,  1885-86. 

.    Liverpool  Literary  and  Philosophical  Society. 

Proceedings:  YoL  xxxix.,  1884-85. 

„  „    xl.,  1885-86.     8vo.    Liverpool,  1885-86. 

London.    British  Association  for  the  Advancement  of  Science. 
Beport  of  the  Fifty-sixth  Meeting  •  .  .  held  at  Birmingham 
in  September,  1886.     8vo.     London,  1887. 

.     Geologbts'  Association. 

Proceedings :  Nos.  6-8  of  voL  ix. 

„  „    1, 2      „     X.     8vo.     London,  1886-87. 

Geological  Society  of  London. 
Abstracts  of  Proceedings. 
List  .  .  .  November  1st,  1886. 
Quarterly  Journal,  No.  168  of  voL  xliL 

„  „        „     169-171  of  voL  xliu. 

8vo.     London,  1886-87. 

PalsBontographical  Society.     YoL  xL,  for  1886. 

4ta     London,  1887.    Furehaaed, 


fi 
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London.   Lcmdon,  Edinbnigh,  and  Dublin  PhiloBophical  Magarina 
Series  Y.    Na  139  of  yoL  xxli, 
n  n    1^0-14^  of  yoL  zziiL 

„  „    146-150  of  yoL  xxiv. 

8yo.    London,  1886-87.    Purchased. 
— .   Bo]^  Society. 

FtooeedingB :  Noe.  246-250  of  yoL  zlL 
„  „    251-257  of  vol  xliL 

,9  „    258  of  yoL  zliiL    8yo.    London,  1886-87. 

— .    Society  of  Chemical  Indnstry. 
JonmaL    Noe.  10-12  of  yoL  y. 

„  „    1-9  of  yoL  yi     8vo.    London,  1886-87. 

HaDchester.     Manchester  Geological  Society. 
TianBactions :  Parts  1-10  of  yoL  six. 

8ya    Manchester,  1886-87. 

— ,    Manchester  Scientific  Stadents'  Association. 
Reports  and  Proceedings  for  the  years  1885,  1886. 

8yo.    Manchester,  1886-87. 

Melbourne.     Geological  Society  of  Australasia. 

List  of  Members  .  .  .  also  a  Catalogue  of  Works  added  to 
the  Library  .  .  .  during  the  session  1886-87.  By  R  T. 
Litton.     8yo.     Melbourne — London,  1887. 

l^ewcasUe-upon-Tyne.     North  of    England  Institute  of   Mining 
and  Mechanical  Engineer& 

Tiansactions :  YoL  xzxy.,  part  4. 

„  „     xxxyi,  parts  1-4. 

8vo.    Newcastle-upon-Tyne,  1886-87. 

New  Hayen.     Connecticut  Academy  of  Arts  and  Sciences. 

Transactions :  YoL  yii,  part  1.     8yo.     New  Hayen,  1886. 

New  York.    American  Geographical  Society. 
Bulletin :  Nos.  3,  4,  5,  1885. 

„     2,3,4,5,1886. 
„  „     1,  2,  3,  1887.     8vo.     New  York,  1886-87. 

,    Cooper  Union  for  the  Advancement  of  Science  and  Art, 

Twenty -sixth,  twenty-seventh,  and  twenty-eighth  Annual 
Beports  of  the  Trustees,  May  28th,  1887.     8vo. 
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New  York.     New  York  Academy  of  Sciencee  (late  Lyoenm  oi 
Natural  History). 
Annala :  VoL  iv.,  Noa  1,  2.     Svo.    New  York,  1887. 

New  Soath  Wales.    Department  of  Mines. 

Annna]  Heport  of  the  Department  ...  for  the  year  1885. 

Folia     Sydney,  1886. 

Royal  Society  of  New  South  Wales. 


Journal  and  Proceedings  for  1885,  yoL 

8vo.     Sydney,  1886. 
New  Zealand.     Department  of  Mines. 

Mines  Statement ;  by  the  Minister  of  Mines,  the  Hon.  W.  J. 
M.  Lamach.    Delivered  on  Tuesday,  July  6th,  1886. 

FoHo.    Wellington,  1886. 

.     Eeport  on  the  Mining  Industry  of  New  Zealand. 

Being  Papers  laid  before  Parliament  during  the  Session  of 
1886.     8yo.     Wellington,  1887. 

Paris.    Ecole  des  Mines. 

Annales:  S^rie  viii,  t  ix.,  liy.  3.     8yo.     Paris,  1886. 
„  „        „     t  X.,  liy.  4-6.     8yo.     Paris,  1886. 

„  „       „     txi,liy.  1, 2.     8yo.     Paris,  1887. 

Penzance.     Natural  History  and  Antiquarian  Society. 

Report  and  Transactions,  1886-87.    8vo.    Plymouth,  1887. 

Philadelphia.     Academy  of  Natural  Sciences. 

Proceedings :  Parts  2  and  3,  April  to  December,  1886. 
„  Part  1,  January  to  April,  1887. 

8vo.     Philadelphia,  1886-87. 

American  Philosophical  Society. 
List  of  Surviving  Members  .  .  .  March  5th,  1886. 
Proceedings:  No.  123,  of  voL  xxiil 

„  „    124,  125,  of  voL  xxiv. 

8vo.     Philadelphia,  1886-87. 

Wagner  Free  Institute. 
Transactions:  VoL  L     May,  1887. 

8vo.     Philadelphia,  1887. 
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Society  Toecana  di  Scienze  NaturalL 
ProoesBi  Yerbali :  pp.  119-306  of  yoL  y. 
Memorie :  YoL  YiiL,  fasc.  1,  2.    8yo.     Pisa,  1886-87. 

PlymoutL    Flymoath  Institation  and  DeYon  and  Cornwall  Natozal 
ffistoiy  Society. 
Bqport  and  Transactions :  Vol.  iz.,  part  3,  1886-87. 

8yo.    Plymouth,  1887. 
United  States.     Creological  and  Geographical  SorYey  of  the  States. 
Bolletin :  No.  27. — ^Work  done  in  the  DiYision  of  Chemistry 
and  Physics,  mainly  daring  the  fiscal  year  1884-85. 

Na  28. — ^The  Gahhros  and  Associated  Homhlende 
Bocks  in  the  neighbourhood  of  Baltimore,  Md.  By  6. 
H.  Williams. 

No.  29. — Fresh-water  InYertebrates  of  the  North- 
American  Jurassic.    By  Chas.  A.  White. 
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COPPER  MINING  AT  TILT  COVE, 

NEWFOUNDLAND. 

Bt  Jobsph   Gabland,   F.Q.B.,  M.B. 
(Bflftd  Noy«mber  6, 1887.) 


lie  fdlowing  paper  has  been  prepared  from  notes  taken  daring  a  personal 
mt  to  the  mines  here  referred  to  in  the  summer  of  last  year. 

Small  veins  and  outcroppings  of  copper  ore  have 
been  discovered  in  many  places  along  the  eastern 
coast  of  Newfoundland ;  but  mining  for  this  metal 
has  hitherto  been  confined  exclusively  to  the  district 
lying  around  the  shores  of  N6tre  Dame  Bay,  the 
most  important  centres  being  Betts  Cove,  Little  Bay, 
and  Tilt  Cove,  It  is  of  the  latter  only  that  I  can 
speak  from  my  own  knowledge. 

N6tre  Dame  Bay,  locally  known  as  Green  Bay,  is 
situated  on  the  northeast  of  the  island,  some  three 
hundred  miles  north  of  the  capital  (St.  John's) ;  and 
Tilt  Cove  is  a  small  creek  at  the  head  or  north  side 
of  the  bay,  seven  miles  from  Cape  St.  John,  in 
latitude  about  50**  north. 

The  harbour  is  accessible  to  ships  of  any  size 
likely  to  be  required  for  the  purposes  of  the  mines. 
The  ores  are  brought  down  from  the  mines  in  tram- 
wagons,  run  on  to  the  pier,  and  discharged  direct 
into  the  hold  of  the  vessel  lying  alongside. 

I  2 
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Tilt  Cove  is  accessible  by  sea  for  about  eight 
months  of  the  year,  and  is  during  this  period  in 
regular  fortnightly  communication  by  mail  steamer 
with  the  capital ;  but  for  about  four  months  of  winter 
it  is  entirely  cut  oflf  from  the  outer  world,  except  by 
telegraph,  the  coast  being  completely  ice-bound. 

At  the  head  of  the  creek  is  a  small  valley, 
enclosed  on  all  sides  except  seawards  by  hills  400 
or  500  feet  in  height.  A  sheet  of  fresh  water,  known 
as  Winser  Lake,  covers  the  greater  part  of  the  area 
of  the  valley,  its  dimensions  being  approximately 
2370  feet  by  900  feet,  with  a  depth  of  3  to  8  fathoms. 
Fed  by  mountain  streams,  it  discharges  itself  into 
the  sea,  from  which  it  is  distant  only  130  feet 
Around  the  lake  are  a  considerable  number  of  work- 
men's cottages,  as  well  as  oflBces,  storehouses,  churches, 
and  various  other  buildings,  all  constructed  of  wood  ; 
and  as  all  are  uniformly  painted  white,  the  little 
village  on  the  edge  of  the  lake,  with  its  background 
of  high  hills  and  precipitous  cliflFs,  has  a  very 
picturesque  appearance. 

The  discovery  of  copper  ore  was  first  made  here  in 
1857  by  Mr.  Smith  McKay,  of  St  John's,  and 
active  mining  operations,  commenced  in  1864,  were 
vigorously  prosecuted  till  about  the  year  1880,  since 
which  year  the  work  done  has  been  spasmodic  and 
irregular.  The  total  quantity  of  copper  ore  raised 
and  exported  down  to  1886  was  70,000  tons. 

Near  the  lower  end  of  the  lake  rises,  on  the  west 
side,  a  low,  bare-topped  hill — the  so-called  Mine 
Bluff,   whose    brown,    ferruginous,   gossany   surface 
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betokens  the  presence  of  mineral  matter.  From  this 
blnff,  and  the  subterranean  works  beneath  it,  the 
whole  of  the  copper  ore  has  been  obtained. 

The  hill  has  been  honeycombed  by  adit  levels,  open 
stopes,  and  excavations  regular  and  irregular. 

On  examining  these  dayUght  openings  one  is  struck 
with  the  appearance  of  yellow  copper  ore  almost 
everywhere,  the  first  impression  being  that  con- 
siderable  quantities  of  ore  are  exposed  and  ready 
to  be  broken  down ;  but  a  closer  examination  shows 
that  appearances  are  deceptive,  that  the  bright  yellow 
ore  consists  in  great  part  of  iron  pyrites  with  a  suffi- 
cient admixture  of  copper  pyrites  to  impart  to  it  its 
own  characteristic  colour,  that  the  more  valuable  ores 
have  been  removed,  and  that  faces  and  thin  coatings 
only  remain  on  the  hard  diorite  country  rock. 

Several  adit  levels  have  been  extended  a  great 
many  fathoms  into  the  hill,  and  communicated  with 
each  other  by  winzes  and  rises.     They  lead  into  large 
underhand  and  overhand  stopes  and  enormous  lateral 
chambers,  evidencing  at  once  the  great  extent  of  the 
original  mineral  masses  and  the  irregular  character  of 
the  deposits.     The  ore  was  found  to  occur  in  large 
pockets,  and  undefined  and  often  distinct  masses,  and 
not  in  regular  lodes.     The  ore-bodies  had,  however, 
a  general  trend   north-east  and  south-west,  and  a 
general  dip  north-west.    Extensive  mining  operations 
have  also  been  carried  on  below  surface  by  means  of 
a  shaft  40  fathoms  deep,  and  levels  and  stopes  there- 
from at  every  1 0  fathoms ;  but  these  have  for  some 
years  been  abandoned,  and  are  now  under  water. 
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The  ore  was  invariably  copper  pyrites,  intimate] 
associated  with  iron  pyrites  or  mundic,  and  in  bu] 
the  percentage  of  metal  was  8  to  10  per  ceni 
occasionally  12  per  cent  An  attempt  was  made  1 
concentrate  the  ores  by  dressing  (crushing  and  jigging 
but  the  specific  gravity  of  the  two  minerals  being  i 
nearly  alike,  it  was  found  impracticable  to  e£fect 
separation  by  mechanical  means. 

In  one  of  the  day  levels — the  "nickel  adit"— 
nickel-bearing  vein  was  worked,  and  a  considerab 
quantity  of  nickel  ore  extracted.  From  some  pu 
lished  returns  I  gather  that  from  1869  to  185 
411  tons  were  raised  and  shipped  to  Swansea.  Tl 
ore  was  chiefly  Kupfemickel  (arsenide  of  nickel) ;  bi 
the  much  rarer  mineral,  Millerite,  or  nickel  pyrit 
(sulphide  of  nickel),  was  sometimes  met  with. 

In  the  roof  of  the  level  I  found  standing  intact 
small  3  to  4  inch  vein,  from  which  I  obtained  son 
good  specimens  of  Kupfemickel  in  a  matrix  of  steatit 
quartz,  and  calcite.  Nickel  has  not  been  searched  f 
or  discovered  at  any  deeper  level 

In  the  hill  at  the  eastern  side  of  the  lake  i 
immense  deposit  of  iron  pyrites  has  been  found,  ai 
to  some  small  extent  laid  open.  Its  outcrop  is  se< 
on  the  ridge  of  the  hill  where  the  mineral  is  so: 
weathered,  and  earthy. 

An  adit  level,  which  penetrated  barren  rock  f 
75  fathoms,  intersected  the  mineral  mass  at  a  dep 
of  12  fathoms. 

The  drift  has  been  continued  in  the  mineral  : 
fathoms  without  encountering  the  country  rock,  th 
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rendering  available,  it  is  estimated,  some  25,000  tons 

of  pyrites,  and  this  without  sinking,  driving  ahead, 

or  cross-cutting  to  the  enclosing  rock  to  determine 

the  full  extent  of   this  remarkable  deposit.     The 

pyrites  is  fine-grained,  uncrystallized,  very  hard,  and 

breaks  with  a  semi-conchoidal  fracture.    It  invariably 

contains  a  small  proportion  of  copper,  say  between 

3  and  4  per  cent.*     Its  colour  is  not  uniform,  but 

varies  from  pale  yellow  to  the  brass  yellow  of  copper 

pyrites.      Some   portions    are    distinctly    magnetic, 

owing  probably  to  the  presence  of  magnetic  iron  ore, 

a  mineral  of  such  common  occurrence  in  the  ores  and 

locks  of  Tilt  Cove  as  often  to  render  the  readings  of 

the  compass  during  a  survey  quite  unreliable. 

In  another  portion  of  the  property  a  deposit  of 
magnetic  iron  ore  has  been  discovered.  Nothing  has 
been  done  to  develop  it,  but  a  shallow  trench  along 
the  outcrop  has  disclosed  a  lode  several  feet  in  width, 


*  An  analysis  by  Mr.  F.  Claudet,  of  London,  of  an  average  sample 


taken  by  myself  gave  the  following  result : 

Iron 

.           . 

.    3603 

Sulphur 

•           . 

.    36-70 

Copper 

•           •        1 

3-32 

Lead 

•           .        1 

•09 

Zinc 

•           . 

.      1-97 

Cobalt,  Nickel,  and 

Manganese 

•33 

Antimony 

.            •        ■ 

•13 

Arsenic 

.            .        < 

•11 

Carbonate  of  Lime 

•            •        • 

1^12 

Alumina 

•            •        * 

2-50 

Siliceous  residue 

•            •        • 

16-62 

Oxygen 

•            •        • 

1-18 

10000 

Two  cargoes  recently  shipped  to  Swansea  were  found  to  contain  over 
5  per  cent  of  copper. 
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having  an  east  and  west  strike  and  a  north  dip.    Th^ 
mineral,  which  is  highly  magnetic,  is  much  weathered- 
and  very  friable. 

Several  copper  lodes  and  irregular  veins  have  been 
discovered  in  various  parts  of  the  concession,  the 
most  recent  yielding  fine  stones  of  ore  assaying  over 
20  per  cent,  of  copper,  but  no  deposit  of  eqtial  value 
to  that  of  the  old  Mine  Bluff  has  hitherto  been  met 
with. 

A  characteristic  of  the  copper  pyrites — the  only 
ore  of  copper  found  at  Tilt  Cove — ^is  that  wherever 
found  in  this  mining  district  it  is  always  associated 
with,  and  depreciated  by,  iron  pyrites ;  and  the  con- 
verse  is  equally  true,  that  wherever  mundic  occurt  it 
invariably  contains  a  very  appreciable  percentage  of 
copper. 

The  country  rock  seems  generally  to  consist  of 
diorite  and  chloritic  slate,  and  the  veinstone  mainly 
of  the  last-named  mineral,  the  geological  formation 
being,  according  to  a  late  writer,*  the  Llandeilo 
division  of  the  Lower  Silurian. 

The  climate  of  Tilt  Cove  somewhat  militates 
against  mining  operations,  the  winter  being  long 
and  very  cold,  all  surface  work,  except  that  which 
can  be  carried  on  under  cover,  being  impracticable 
from  about  November  to  May.  Large  and  sub- 
stantial wooden  sheds  have,  however,  been  provided, 
in  which  the  ores  are  deposited  and  sorted  during 
winter  in  readiness  for  the  shipping  season. 

*  Alexander  Murray,  cif.a.,  F.o.s.,  whose  annual  reports  have  been 
reprinted  in  a  volume  entitled  GtologicoL  Survey  of  Newfoundland, 


ox  THE  DISCOVERY  OP  HUMAN  REMAINS  IN 
A  DEVONSHIRE  BONE  CAVE. 

By  R.  N.  Worth,  f.g.s. 

(Bead  November  6,  1887.) 


The  existence  of  man  as  a  member  of  the  most 

ancient  fauna  of  the  Bone  Caves  of  Devon  has  been 

mainly  a  matter  of  inference,  from  the  presence  of 

traces  of  his  handiwork  in  the  shape  of  flint  and 

chert  tools  and  implements.     Human  remains  have 

not  infrequently  been  found  in  the  cave  deposits  of 

the  West,  but  the  conditions  have  been  generally 

open  to  criticism ;  and  I  am  not  aware  that  up  to  the 

time  of  the  discovery  dealt  with  in  this  paper,  the 

bones  of  man  and  of   the  extinct  cave  mammalia 

have  been  found  in  certain  original  association*     Mr. 

McEnery  found  human    bones    in    Kent's    Cavern 

beneath  the  stalagmite,  but  he  held  that  they  had 

been  subsequently  introduced.     Human  bones  were 

found  about  forty  years  since  in  one  of  the  Oreston 

Caves ;  but  Colonel  Hamilton  Smith  states  that  they 

were  regarded   as  of    no   consequence,  and   that  a 

human  humerus  was  thrown  away  by  its  possessor 

directly  he  pointed  out  its  character.* 

During   the    present   year  the    much-desiderated 

«  Naiwral  Eittory,  **  Human  Species,"  pp.  95,  96. 
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evidence — ^not  of  the  existence,  but  of  the  charac- 
teristics— of  the  cave  men  of  Devon  has  been  supplied 
in  a  singularly  complete  and  emphatic  manner;  and 
it  seems  desirable  that  the  leading  points,  at  least, 
should  be  communicated  to  the  oldest  geological 
society  in  the  West;  especially  as  the  discovery, 
though  not  made  in  Cornwall  itself,  took  place  upon 
its  confines,  on  the  shores  of  an  inlet  of  Plymouth 
Sound,  and  includes  without  doubt  the  relics  of 
Cornish  visitors,  if  not  of  Cornish  residents. 

In  the  autumn  of  1886  Messrs.  Bumard,  Lack, 
and  Alger,  of  Plymouth,  began  to  rework  an  old 
quarry  at  Cattedown,  adjoining  that  town,  and 
immediately  opposite  to  the  limestone  quarries  at 
Oreston,  which  yielded  in  1816  the  first  relics  of  the 
cavern  fauna  of  England  made  the  subject  of 
scientific  research.  The  quarry  had  been  excavated 
to  a  depth  of  sixty  feet  from  the  top  of  the  down ; 
and  the  old  floor  was  being  worked  away  to  a 
maximum  depth  of  another  dozen  feet  or  so,  when 
the  eastern  wall  of  a  fissure,  filled  at  the  point  opened 
with  earth  and  small  stones,  was  broken  through. 
Shortly  after  a  few  bones  were  found;  and  the 
possibility  of  further  finds  led  to  Messrs.  Bumard, 
Lack,  and  Alger  kindly  arranging  that  the  excavation 
should  be  carefully  made ;  that  whatever  was  found 
should  be  put  aside  for  my  inspection;  and  that, 
in  short,  the  scientific  aspects  of  the  operations 
should  be  of  first  consideration  at  this  particular 
point.  Eventually,  however,  very  much  more  than 
this  was  done.     Quite  independently  of  the  practical 
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relations  of  the  work,  the  firm  undertook  the 
exploration  of  the  cavern  which  had  been  opened, 
and  carried  it  out  at  no  little  cost,  Mr.  Eobert 
Barnard  (the  office  being  close  by)  giving  it  constant 
supervision.  Hence  the  valuable  scientific  results 
summarized  in  the  present  paper.  We  are  under 
very  great  obligations  to  Messrs.  Bumard  and  Alger 
for  the  ready  manner  in  which  they  recognized  the 
possible  scientific  value  of  the  discovery,  and  the 
liberal  way  in  which  they  set  to  work  to  test  its 
character  and  turn  it  to  account. 

Without  tracing  the  history  of  the  operations,  which 
extended  over  between  six  and  seven  months,  in  de- 
taU,  it  wiU  be  sufficient  here  to  describe  the  results. 

When  cleared  of  its  various  contents,  it  was  found 
that  the  cavern  consisted  of  a  gallery  running  north 
and  south,  on  the  line  of  the  natural  jointing,  to 
a  total  length  of  fifty-four  feet.  The  gallery  itself 
averaged  about  four  to  five  feet  in  width,  but  at 
each  end  expanded  into  a  chamber.  The  southern 
chamber  was  twenty  feet  in  length,  about  five  feet 
wide,  and  nine  feet  deep  below  the  recent  quarry 
leveL  The  northern  chamber  was  twenty  feet  in 
length,  irregular  in  breadth,  but  at  the  widest  eight 
feet,  and  it  was  excavated  to  a  depth  of  thirteen  feet 
below  the  quarry  level,  when  the  tide  found  its  way 
in  firom  the  Catte water,  about  150  yards  to  the  south. 
This  northern  chamber  partially  sloped  with  the  dip 
of  the  strata,  and  after  narrowing  at  the  quarry  level 
widened  out  on  the  east  below.  The  connecting  gallery 
did  not  descend  more  than  two  feet  below  the  quarry 
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k^d^  ao  tliat  the  lower  parts  of  the  two  chambers 
wwe  wpanted  by  nearly  twenty  feet  of  rock. 

Tlmre  is  no  direct  evidence  as  to  the  original 
kei^t  of  the  gallery  and  chambers,  for  the  top  had 
l^^ni  quarried  away  in  a  former  working  nearly  sixty 
TOUTS  since,  and  the  vacant  space  filled  in  with  earth 
and  small  stones — the  usual  quarry  rubble,  of  which 
there  was  a  considerable  accumulation  at  the  foot  of 
tbe  quarry  cliflF.  There  seemed  good  reason  to  believe 
that  the  northern  chamber,  at  least,  had  not  been 
much  higher.  The  natural  entrance  to  the  gallery 
and  its  chambers  was  evidently  from  above;  and 
it  was  perfectly  clear  that  the  cave  had  formed  a 
descending  branch  of  a  large  cavern  or  series  of 
caverns,  of  which  several  traces  remained  in  the 
hill  above.  The  walls  were  lined  with  stalactite. 
In  the  northern  chamber  there  were  the  remains  of  a 
stalagmitic  floor;  and  the  appearances  presented 
were  consistent  only  wath  the  conclusion  that  the  old 
quarrymen  had  broken  into  it  through  the  roof,  and 
that  the  space  subsequently  filled  with  their  "  spoil " 
was  then  empty. 

The  value  of  the  find  here,  of  course,  depends 
entirely  upon  our  ability  to  distinguish  this  "  spoil " 
from  the  natural  deposits  which  it  overlaid ;  and  this 
was  the  point  ever  kept  in  view  during  the  ex- 
plorations. Fortunately  it  was  found  to  present  no 
difficulty.  When  the  "  spoil "  was  cleared  away  the 
original  deposits  were  intact  and  wholly  undisturbed. 

In  the  northern  chamber  there  were  two  series; 
in  the  gallery  and  southern  chamber  there  was  one ; 
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and  bones  were  found  in  each — both  human  and 
infra-human. 

The  uppermost  deposit  in  the  northern  chamber 
was  a  mass  of  large  water-worn  (eroded)  stones, 
mixed  with  a  little  earth  and  clay,  between  which 
tiere  were  cavities  containing  quantities  of  bones. 


siuiEwullle-bnads. 


Tliis  gradually  increased  in  thickness  northward, 
towards  the  end  of  the  chamber,  and  at  the  same 
time  became  infiltrated  with  stalagmite,  so  that 
eventually  it  had  to  be  blasted  out.  At  the  inner 
end  of  the  chamber  this  stalagmitic  breccia  was 
covered  with  a  floor  of  stalagmite,  varying  from  an 
inch  to  a  foot  in  thickness,  which  had  been  broken  by 
the  fall  of  heavy  blocks,  apparently  from  the  roof. 
Beneath  this  stalagmitic  breccia,  where  it  existed 
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— and  occupying  the  same  relative  position  in  the 
other  parts  of  the  cave  where  it  did  not,  as  in  the 
northern  chamber — ^was  "cave  earth,"  much  of  the 
usual  type.  The  portion  beneath  the  breccia,  to  a 
depth  of  about  two  feet,  was  so  tightiy  compacted 
as  to  resemble  concrete,  and  for  convenience  of 
reference  in  the  exploration  was  called  the  "  concrete 
floor,"  This  cave  earth  continued  down  to  tiie 
lowest  point  excavated.  The  total  depth  of  material 
excavated  in  the  northern  chamber  was  twenty-seven 
feet,  and  of  this  twenty  was  more  or  less  ossiferous. 
A  section  is  given  on  the  preceding  page. 

The  remains  in  the  breccia  differed  in  this  im- 
portant  particular  from  those  of  the  cave  earth — ^that 
they  represented,  more  or  less  perfectiy,  complete 
skeletons.  The  bodies  had  been  deposited  while  still 
clothed  with  flesh,  and  there  had  been  no  subsequent 
disturbance.  The  bones  found  here  were  chiefly 
those  of  deer  (predominating),  man,  hysna,  and 
wolf.  Directly  after  the  blast  which  cleared  out  the 
solider  portion  of  the  breccia,  I  myself  took  out 
from  the  heart  of  the  stalagmitic  mass  portions  of  a 
human  skull,  and  a  human  molar  tooth  with  a 
fragment  of  jaw  attached,  and  other  portions  of  the 
skull  were  subsequently  recovered.  And  at  the  very 
lowest  point  of  the  breccia,  seven  feet  below  the 
stalagmitic  floor,  fragments  of  a  human  upper  and 
lower  jaw  were  found  in  relationship. 

The  hyaena  was  the  one  characteristically  ancient 
member  of  the  fauna  of  the  breccia;  but  the  fact 
that  the  remains  here  were  those  essentially  of  bodies 
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which  had  been  deposited  intact  was  evidence  of  his 
contemporaneity  with  the  associated  man. 

The  fauna  of  the  cave  earth  was  more  varied.  The 
concrete  floor  was  noticeable  for  the  quantity  of  the 
remains  of  hog ;  but  the  most  important  finds  in  the 
earth  proper  were  humeri  and  teeth  of  the  cave  lion, 
and  a  radius  and  vertebra  of  rhinoceros,  again 
associated  with  teeth  and  bones  of  man.  The  remains 
in  the  cave  earth,  however,  were  neither  so  plentiful 
Dor  so  complete  as  in  the  breccia,  and  were  evidently 
the  result  of  more  gradual  accumulation.  All  that  was 
required  to  produce  the  concrete  floor  and  cave  earth 
vTas  the  occasional  falling  and  washing  by  the  internal 
drainage  of  the  cavern  in  rainy  weather  of  earth  and 
^nes  and  fragmentary  animal  remains  from  the 
upper  reaches.  The  stalagmitic  breccia  was  evidently 
of  more  sudden  origin — all  the  conditions  would  be 
satisfied  by  a  rush  of  waters  pouring  into  the  cave, 
bearing  with  it  the  bodies  of  drowned  animals,  and 
carrying  before  it  the  occupants  of  its  recesses. 

There  was  evidence  that  both  man  and  the  hyaena 
may  have  been  among  the  residents.  The  hyaena 
had  left  the  proof  of  his  active  presence  behind  in 
sundry  gnawed  bones.  That  man  had  lived  on  the 
spot  may  also  be  held  proven  by  the  occurrence  of 
firagments  of  charcoal  in  the  stalagmite  and  elsewhere. 
Of  his  handiwork  he  had  left  no  trace,  beyond  a 
roughly -chipped  flint  nodule,  and  (possibly)  three 
spUnters  of  deer  horn. 

So  far  as  can  be  certainly  made  out  the  Cattedown 
cave  has  yielded  remains  of  fifteen  or  sixteen  persons 
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of  both  sexes,  and  ranging  from  old  age  to  childhood. 
The  most  interesting  examples  are  two  facially  perfect 
skulls,  of  which  an  illustration  from  a  photograph  is 
subjoined.  But  the  whole  series,  which  has  been 
presented  by  Messrs.  Bumard,  Lack,  and  Alger 
to  the  Museum  of  the  Plymouth  Instituti<m,  is 
worthy  of  careful  study.  The  race  was  a  short  one, 
various  calculations  from  the  length  of  aim  and 
leg  bones  averaging  under  five  feet.  The  jaws  wew 
powerful  and  the  teeth  good  ;  but  while  some  of  the 
bones  indicate  considerable  strength,  others  an'  just 
the  reverse,  and  probably  the  sexual  differences  were 
exaggeralibd.  One  of  the  humeri  is  perforated,  and 
the  tibise  are  distinctly  platycnemic.  Every  bone  of  lihe 
human  frame  seems  to  be  represented ;  and  I  indulge 
the  hope  that  in  the  hands  of  one  who  can  daim — 
what  I  cannot — ^to  be  an  expert  in  the  osteology  of 
priscan  races,  they  will  yield  very  important  restdts. 
No  such  opportunity  of  becoming  acquainted  with  the 
physical  characteristics  of  the  men  who  were  contem- 
porary in  this  country  with  the  mammoth,  rhinooetos, 
lion,  and  hyaena,  has  ever  before  been  afforded. 

The  cavern  has  yielded  over  thirty  species  of 
animals — man,  rhinoceros,  lion,  hyaena,  wolf,  fox,  dog, 
badger,  polecat,  weasel,  bison,  urus,  long-fronted  ox, 
red  deer,  roe  deer,  hog,  goat,  hedgehog,  common  bat, 
horse-shoe  bat,  mole,  shrew,  water  vole,  field  vole, 
bank  vole,  rat,  hare,  rabbit,  and  various  birds.  Of 
these,  the  long-fronted  ox,  dog,  hare,  and  rabbit  were 
not  found  in  the  breccia  or  the  distinctive  cave  earth ; 
but  they  are  included  to  make  the  list  complete. 
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THE 

ANNIVERSARY  ADDRESS  OP  THE  PRESIDENT, 

SIR  WARINGTON   SMYTH,  F.R.S., 
To  the  General  Meeting,  26th  October,  1888. 


The  Beport  of  your  Council  will  render  it  evident  that  the  Royal 
Geological  Society  maintains  its  efficiency  in  a  well-kept  museum 
of  q)ecimen8  of  minerals  and  fossils,  and  a  valuable  collection  of 
books,  which  together  form  an  admirable  material  for  study.  An 
tTenge  number  of  additions  have  been  made  during  the  past  year, 
and  the  number  of  Members  may  be  considered  as  about  up  to  the 
iTeiage,  although  the  losses  incurred  since  we  last  met  in  these 
looms  are  such  as  to  make  us  very  desirous  of  enlisting  fresh 
recruits. 

The  Society  has,  in  fact»  to  deplore  the  loss  of  several  of  its 
Members,  who  although  not  pursuing  themselves  the  practical 
branches  of  science,  were  nevertheless  capable  of  contributing  to 
the  general  good  from  their  social  position  or  from  their  acquisition 
of  other  divisions  of  knowledge.  It  is  indeed  to  such  men,  in 
great  part,  that  we  must  look  for  the  encouragement  and  for  the 
increase  of  facilities  to  be  given  to  tyros  entering  upon  the  more 
or  less  thorny  paths  of  study. 

In  the  early  part  of  the  year  we  lost  one  of  the  most  useful  and 
respected  inhabitants  of  the  town,  who  appears  for  a  period  of 
thirty-five  years  to  have  devoted  himself  to  the  service  of  the 
conmiunity.  In  the  words  addressed  by  your  Mayor  to  the  Town 
Council,  Mr.  Boase  was  for  long  years  a  member  of  that  body 
''as  councillor,  alderman,  mayor,  and  magistrate,  and  he  brought 
to  bear  upon  his  work,  in  all  departments,  a  very  ripe  experience. 
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a  sound  judgment,  and  a  rapidity  of  decision  which  made  his 
labours  in  the  Council  exceedingly  valuable." 

Mr.  Boase,  although  not  contributing,  like  his  namesake,  to  the 
study  of  primary  geology,  took  a  very  active  part  for  your  Society 
at  a  critical  time,  and  was  instrumental  in  carrying  into  efifect  the 
somewhat  difficult  project  of  transferring  the  seat  of  the  Society 
from  a  petty  unattractive  apartment  to  the  present  building,  which 
might  be  a  credit  to  any  town  in  the  world 

The  death  of  Mr.  Gustavus  Lambert  Basset,  which  took  place 
at  Tehidy  on  the  25th  July  last,  has  robbed  the  county  of  a 
leading  figure,  not  more  remarkable  for  his  extensive  land  and 
mineral  possessions  than  for  his  kind  attention  and  generous 
responses  to  all  reasonable  appeals.  As  ''  lord  "  of  the  important 
mines  of  Dolcoath,  East  Pool,  Cook's  Kitchen,  Cam  Brea,  West 
Basset,  Wheal  Basset,  and  others,  he  never,  except  on  one 
occasion — the  renewal  of  Dolcoath  lease — was  regarded  otherwise 
than  as  one  of  the  most  amicable  and  liberal  of  landlord&  In 
that  particular  instance  also  there  were  many  arguments  to  be 
put  forward  in  support  of  the  views  of  his  advisers,  however 
much  they  might  run  counter  to  popular  opinion.  But  as  to 
Mr.  Basset's  warm  feeling  of  charity,  and  his  devotion  to  the 
cause  of  moral  and  intellectual  improvement,  these  were  attested 
over  and  over  again  by  the  noble  sums  which  he  presented  to 
hospitals,  chapels,  and  to  the  educational  buildings  of  the  Mining 
Institute,  of  which  he  was  the  President 

Serving  in  early  life  in  the  army,  and  much  affected  by  the 
inclemency  of  the  weather  in  the  Crimean  campaign,  Mr.  Basset 
became  an  invalid  in  middle  life.  He  was  thus  debarred  from 
taking  an  active  part  in  the  general  business  of  the  county,  and 
succumbed  to  a  complication  of  disorders  at  the  immature  age  of 
fifty-five. 

Both  the  Society  at  large  and  your  Council  will  feel  seriously 
the  unexpected  loss  of  Mr.  S.  T.  G.  Downing,  of  Kenegie.  It  is 
well  known  how  active  and  clear-sighted  as  an  adviser  in  public 
business  he  had  been  recognized  to  be,  and  how  ready  and 
laborious  in  the  examination  and  drafting  of  bills  in  Parliament 
and  other  lengthy  documents.     Most  attentive  to  the  meetings 
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of  the  Council  since  be  transferred  his  residence  from  Redruth, 
}m  ability  had  rendered  his  aid  very  valuable,  and  we  were 
eoDstFained  as  the  Council  of  the  Society  to  record  in  the  minute- 
book  our  deep  sense  of  the  loss  sustained. 

Mi,  William  Trythall  and  Mr.  William  Dennis  have  been  lost 
to  the  town  and  to  this  Society  so  recently  as  to  bring  their 
deeease  within  the  fresh  memory  of  all  residents  in  Penzance. 
As  far  as  your  President  is  aware,  neither  of  these  gentlemen  took 
particular  interest  in  geological  matters,  although  they  had  been 
npporters  of  the  Society  for  a  series  of  years  past.  Mr.  Trythall 
was  not  unknown  in  the  walks  of  literature,  and  Mr.  Dennis  was 
one  of  those  quiet  benefactors  whose  open-handed  charity  will 
loDgbe  sadly  missed. 

The  extension  during  late  years  of  the  railway  system  and  the 

multiplication  of  ocean  steamers,  have  introduced  facilities  of  travel 

which  have  given  to  geology  a  fillip  in  a  somewhat  unexpected 

direction.      In   the   same   way   that   we   hear   of   international 

meetings  and  convocations  assembled  for  the  discussion  of  various 

brmches  of  social  ideas  or  special  knowledge,  so  the  geologists, 

DOW  scattered  over  the  whole  globe,  have,  for  several  years  past, 

been  holding  congresses  for  the  interchange  of  opinions  on  matters 

in  which  so  many  scientific  men  are  interested.     Such  meetings, 

it  was  held,  would  not  only  by  personal  intercourse  warm  the 

fnendly  feeling  which  is  already  notable  among  the  workers  in 

kindred  branches  of  the  science,  but  might  hasten  the  solution  of 

many  abstruse  questions,  and  in  some  cases  attain  objects  which 

could  not  be  compassed  by  individual  effort 

The  Geological  Congress  of  Paris,  in  1878,  was  thus  succeeded 
by  that  of  Bologna  in  1881,  and  by  that  of  Berlin  in  1884;  and 
the  International  Congress  held  last  month  in  London  will  be 
followed  by  a  meeting,  on  the  urgent  request  of  the  Americans 
present,  at  Philadelphia  three  years  hence. 

At  the  late  Congress  in  London  no  less  than  817  persons  were 
enrolled  in  the  list  as  members,  including  339  foreigners.  Of 
these  a  great  many  had  entered  their  names  only  from  being 
generally  interested  in  the  matter,  whilst  the  meetings  were 
attended  by  260  English  people  and  139  foreigners. 
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Of  the  latter,  numbering  many  of  the  most  distingaished  in- 
vestigators and  writers,  the  most  numerous  were  the  repreaentatifeB 
of  Grermany,  the  United  States,  France,  and  Italy;  but  amonig 
the  twenty-five  different  countries  represented,  even  Mexico,  New 
Zealand,  Portugal,  Roumania,  and  Bulgaria,  had  their  memben 
either  enrolled  or  present 

The  meetings  were  most  conveniently  held  in  the  ample  BII^ 
lington  locale  of  the  University  of  London,  one  large  room  in 
which  was  made  a  temporary  museum  for  the  reception  of  objects 
intended  to  illustrate  the  proposed  discussions ;  and  aairSei  weie 
arranged  for  successive  days  in  those  apartments,  at  the  Greological 
Society,  and  at  the  Jermyn  Street  Museum.  The  opening  of  tiie 
Congress  was  heralded  by  an  address  in  French  from  the  veteran 
and  thoroughly  practical  honorary  Member  of  this  Society— 
Dr.  Prestwich,  f.r.8.,  late  Professor  at  Oxford — and  at  the  same 
time  by  a  bevy  of  treatises  and  reports  on  certain  of  the  subjects 
likely  to  be  brought  before  the  meeting. 

It  appears  to  me,  that  whether  viewed  from  the  standpoint  of 
what  has  been  achieved,  or  as  an  indication  of  the  directicm  in 
which  geologists  are  looking  for  the  solution  of  various  problems, 
the  proceedings  of  these  meetings  ought  to  be  brought  before  yon, 
and  with  your  permission  I  will  caU  your  attention  to  sundiy 
topics  of  particular  interest  to  those  Members  who  study  the 
features  of  our  Western  counties. 

First  of  all,  it  must  be  premised  that  there  are  certain  matters 
which  may  fitly  be  discussed  and  arranged  by  international 
committees  to  the  advantage  of  the  general  weal,  whilst  in  others, 
particularly  in  dealing  with  distant  countries,  we  must  try  to 
avoid,  as  Professor  Prestwich  says,  ''that  error  of  congresses 
of  arrogating  to  themselves  an  infallibility  which  is  not  at  all 
in  accordance  with  the  progress  of  science."  Who  amongst  us 
that  has  had  occasion  to  learn  something  from  geologicaUy-coloured 
maps  of  various  countries  but  has  been  more  or  less  confused  and 
delayed  by  the  same  colour  being  given  to  totally  different  kinds 
of  rock,  or  conversely  by  the  same  rocks  being  differently  tinted 
in  maps  of  separate  localities  t  And  who  again  has  not  been 
vexed  and  puzzled  by  finding  in  descriptive  papers  the  terms  with 
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irtiidi  he  may  be  ffuniliar  replaced  by  others,  perhaps  of  more  or 

kn  baifattioiiB  aspect!    It  is  towards  agreement  and  unification 

bit  the  efforts  of  the  Congress  have  been  mainly  directed — 

tovuds  unification  of  the  significant  colours,  and  of  the  nomen- 

datore  and  classification  of  the  various  geological  divisions. 

It  is  hardly  necessary  to  remind  you  that  these  questions  are 
fib  those  referring  to  a  unified  alphabet  in  literature,  and  that 
tiie  Ixxm  conferred  on  the  lovers  of  natural  history  will  be  great 
when  so  serious  a  difficulty  shall  have  been  swept  away,  from  the 
appreciation  of  the  maps  and  descriptions  published  by  all  the 
nriofos  civilized  peoples. 

To  bring  these  points  to  a  test  it  was  decided,  in  1881,  to 
preptre  a  geological  map  of  £urope  on  a  scale  of  1  to  1,500,000, 
in  which  both  the  colouring  and  the  grouping  of  the  various  rocks 
Aoold  be  settled  by  committees  of  the  Congress.  At  the  same 
time,  national  committees  have  been  reporting  their  opinions  on 
the  imification  of  geological  terms.  The  map,  in  the  hands  of 
FrafesBor  Beyrich  and  the  Berlin  Committee,  is  making  satis- 
fMtory  progress,  and  a  first  portion  of  it  was  presented  in  London 
in  Older  to  invite  criticism  and  discussion. 

As  far  back  as  the  Congress  of  Paris,  the  proposition  most 
fiToorably  received,  was  to  adopt  the  idea  of  the  solar  spectrum, 
tod  take  the  three  primary  colours — red,  blue,  and  yellow — to 
represent  the  three  principal  divisions  of  the  stratified  rocks,  the 
primary,  secondary,  and  tertiary;  the  subdivisions  were  to  be 
distinguished  by  different  shades  of  the  same  colours,  and  the 
still  smaller  subdivisions  of  the  third  order  by  markings  or 
hatchings.  This  arrangement  might  be  clear  and  satisfactory 
for  maps  on  a  small  scale,  or  intended  to  give  only  a  general 
view  of  leading  features;  but  for  the  large  and  complete  map 
eontemplated  it  was  found  needful  to  adopt  a  wider  scheme, 
admitting  of  a  greater  number  of  divisions,  and  thus  the  comple- 
mentary colours  and  various  modifications  have  been  introduced. 

Thoee  who  occupy  themselves  with  the  perusal  of  works  of 
descriptive  geology — and  you  have  now  in  your  Library  a  hand- 
some collection — will  recollect  that  in  many  cases  the  scale  may 
be  larger,  and  the  subdivisions  of  some  particular  district  more 
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numeFOUs,  than  that  of  the  general  map  now  working  oat,  and 
hence  that  deviations  from  its  scheme  of  colour  may  be  adyiaable 
or  necessary. 

It  appears  to  be  almost  foigotten  now,  but  the  geologists  of 
half  a  century  ago,  and  pre-eminently  among  them  Baron  von 
Buch  and  our  honorary  Member,  Berghauptmann  von  Dechen 
(still  living,  though  unable  to  join  in  these  discussions),  did 
much  to  accomplish  these  same  ends  of  unification,  and  some 
of  their  ideas  squared  very  closely  with  those  of  the  modem  type. 

The  colours  now  approved  for  the  sedimentary  rocks  are  as 
follows : 

1.  Recent  deposits  (Allnyiam,  &c.)      .    Cream  colour,  veiy  pale. 

2.  Quaternary  (Dfluvium)    .        •  Naples  yellow. 

8.  Tertiary Tellow,  different  ahadaa. 

4.  Cretaceous Green  tinta  and  hatchinga. 

5.  Jurassic  (Oolites,  &c.)      .        •        .  Blue  tints. 

6.  Triaa Violet  tinta  and  dota. 

7.  Carbonifenma  and  Permian  .  Orey  tinta  and  hatchinga. 

8.  Devonian Tinta  of  brown. 

9.  Silurian Tints  of  greenish-grey. 

10.  Archsan Rose  tints. 

For  ten  classes  of  eruptive  rocks  various  tints  and  dots  of  red 
are  adopted;  whilst  for  the  further  accentuation  of  the  colours 
monograms  will  be  employed,  Latin  initials  for  the  sedimentary 
groups,  and  Greek  for  the  eruptive  rocks. 

As  might  naturaUy  be  expected  in  geology,  certainly  not  less 
than  in  other  departments  of  enquiry,  stumbling-blocks  and  stones 
of  offence  were  found  to  bestrew  the  path  of  progress,  as  different 
nations  proposed  to  adopt  one  and  the  same  scheme  for  defining 
the  divisions  of  rock  strata,  differing  more  or  less  in  all  their 
different  countries,  and  for  imifying,  as  far  as  consistent  with 
their  various  languages,  the  terms  by  which  those  divisions  are 
to  be  known.  After  some  changes  of  opinion  it  is  now  agreed 
that  the  principal  divisions  shall  be  called  Seriee^  those  of  the 
second  degree  System^  and  the  subordinate  ones  Gfroup,  We 
shall  thus  have  the  Primary,  Secondary,  and  Tertiary  Series, 
equivalent  to  the  Pakeozoic,  Mesozoic,  and  Cssnocoic;  then  the 
Systems,  as,  e,g,  the  Silurian,  or  the  Carboniferous;  and  as  the 
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analler  diyifiion,  the  Oroup,  as  the  Jurassic  Further  sub- 
dmnoiis  give  ub  the  ''stage"  (French,  Stcige),  then  the  ''zone," 
tnd  ultimately  the  "  bed,"  or  stratum,  with  its  various  synonyms 
in  the  different  European  languages. 

Coincidently  with  these  divisions  of  the  rocks  it  is  proposed 
tktti  in  speaking  of  the  portions  of  time  during  which  the  world 
bi8  been  tenanted  by  living  beings,  the  word  Ura  should  be  used 
for  the  first  rank  of  division,  Period  for  the  systems,  Epoch  for 
the  groups,  and  Affe  for  the  smaller  aggregates  of  beds. 

The  term  "  formation,"  which  has  been  a  good  deal  and  loosely 
used  in  this  country,  is  much  objected  to;  the  French  term 
of  ierradn^  employed  in  a  somewhat  similar  sense,  has  been 
Americanized  into  "  terrene,"  and  meets  us  at  every  turn  in  the 
writings  of  certain  recent  authors,  but  it  does  not  appear  to  be 
Teij popular.  It  is  recommended  that  the  word  "formation"  be 
stnck  out  from  the  divisions  or  groupings  of  the  sedimentary 
deposits,  and  employed  only  in  the  sense  of  referring  to  the  mode 
of  origin  or  the  constitution  of  certain  substances. 

Some  of  the  English-speaking  members  object  to  a  number  of 
words  being  restricted  to  certain  technical  limitations,  and  fear 
the  abridgment  of  liberty  in  the  use  of  language ;  but  the  pro- 
posals made  so  far  appear  to  be  accepted  by  the  majority. 

More  difficulty  arises  when  we  come  to  the  nomenclature.  We 
maj  tarn  our  English  names  into  French  for  the  purposes  of  a 
meeting  with  our  Continental  friends,  but  for  our  ordinary  use 
we  want  words  which  have  an  English  look  and  sound ;  so  will 
most  of  the  other  nationalities,  each  writer  or  speaker  requiring  a 
fomi  of  termination  which  suits  the  genius  of  his  own  tongue. 
It  is  true  we  have  for  some  years  given  way  to  certain  changes, 
made  perhaps  with  a  view  to  homophony,  but  often  leading,  as  I 
am  inclined  to  think,  to  cacophony.  For  our  old  term  of  Oolitic  we 
have  adopted,  as  more  generally  applicable,  the  French  Jurassigue^ 
converting  it  into  the  English  Jurassic.  The  broad  old  dialect 
of  the  quarrymen,  expressing  to  William  Smith  that  they  got 
their  limestone  in  layers  (pronounced  lieara^  and  written  lias),  has 
led  to  the  smooth  French  liasigue,  and  thence  to  our  ugly 
adjective  liassic     Similarly  the  German  triad  or  trias^  if  turned 
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from  a  stutdy  substantive  into  a  French  adjective,  becomec 
triatique^  and  we  have  followed  it  up  as  triasaic  But  we  Been 
to  have  yielded  to  this  craie  for  homophony  about  far  enoa^ 
and  although  some  few  American  authors  discard  our  Cretaceous 
Carboniferousi  Devonian,  Silurian,  and  Cambrian  for  the  termi 
nations  in  ie,  we  may  fairly  ask,  with  Professor  Hughes,  whethe 
we  shall  ''accept  Cretacic  or  Cretic,  whether  chemists  wil 
approve  of  our  adopting  Carbonic,  and  whether  anybody  wil 
use  Cambric?"* 

Among  the  national  committees  charged  with  reporting  (u 
these  8ul(ject8  none  have  done  more  good  work  among  the  olde 
rocks,  which  much  concern  us  on  the  western  side  of  Engla» 
and  Scotland,  than  the  Americans,  including  those  of  the  Unitei 
States  and  Canada,  whose  coimtries  consist  so  largely  of  rocks  o 
a  crystalline  character,  such  as  command  a  deep  interest  in  thi 
county.  This  series — ^proposed  by  the  French  to  be  callei 
primitive,  by  the  Belgians  and  others  crystallophyllian,  becaos 
of  the  tendency  to  consist  chiefly  of  crystalline  rocks  dispoeed  i 
schistose  or  platey  forms — has  been  termed  very  often  the  Pn 
Cambrian  series,  under  which  name  it  will  be  reoogniced  as  th 
subject  of  many  differences  of  opinion,  by  no  means  yet  reduce 
to  a  state  of  unanimity.  The  great  majority  of  the  members  c 
the  Congress  favour  the  term  of  Arduean — to  include  all  thi 
has  formerly  been  caUed  crystalline  and  metamorphic  schists,  froi 
the  base  of  the  Cambrian  downwards. 

From  the  replies  given  to  questions  propounded  by  the  America 
Committee,  and  in  many  cases  stating  very  emphatically  the  vien 
of  'Hhose  American  geologists  who  think  for  themselves,"  it  woul 
appear  that  there  is  a  pretty  full  coincidence  about  a  lower  divisio 
of  the  ArchsBan,  which  may  be  termed,  as  proposed  by  Sir  Wn 
Logan,  the  Laurentian.  But  about  the  upper  portion  there  reigni 
both  in  the  Old  and  in  the  New  World,  such  a  diversity  of  opinioi 

*  In  America  Professor  Roland  Irving  and  Messrs.  Emmons,  Waloott,  an 
Gilbert  pointedly  object  to  the  proposition  regarding  Homophony ;  and  f< 
Belgium  M.  Dewalqae  feelingly  pleads  for  the  Latln-tongaed  nations,  if  snc 
words  as  the  German  malm  and  dogger  are  to  come  into  use,  and  have  to  1 
toned  down  into  malmiqae  and  doggerique. 
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88  precludes  any  general  way  of  dealing  with  it,  except  leaving 
the  atmost  freedom  to  further  exploration  and  research,  adopting 
temporarily  in  each  country  the  subdivisions  and  nomenclature 
vhich  appear  to  follow  most  suitably  from  the  investigations  made 
up  to  the  time  being.  In  the  meanwhile  sundry  recommendations 
are  made  which  seem  to  be  not  a  little  inconsistent.  How,  if  the 
Arduean  is  to  include  all  that  is  older  than  the  Paleozoic  rocks, 
is  the  80-called  Huronian  to  be  admitted,  in  which  organic  remains 
are  stated  to  be  distinctly  present  t  Must  not  the  Huronian  be 
lemoYed  from  this  division  1  and  how  about  the  claims  of  the 
Taconicl  Few  on  this  side  of  the  Atlantic  would  approve  of 
terming  a  series  **  Agnotozoic,"  or  of  the  name  "Eobiotic"  or 
"Eocoic"  to  be  applied  to  those  portions  in  which  the  first  faint 
trues  of  life  are  said  to  be  found.  But  the  last  word  reminds  us 
d  the  excitement  that  vibrated  through  the  geological  mind 
when,  years  ago,  it  was  announced  that  the  Eozoon  Canadense 
had  lengthened  out  the  history  of  life  on  the  globe  by  an  incal- 
culable period.  Is  it  possible  that  the  old  Laurentian,  enclosing 
the  sabject  of  so  many  volumes  and  papers  and  discussions,  is  to 
be  ranked  with  the  "Azoics,"  and  to  form  the  lower  division  of 
the  Archean  1  The  unnumbered  ages  which,  on  the  assumption 
of  the  truth  of  this  discovery,  opened  their  long  vista  before  the 
Cambrian  fauna  appeared,  invest  the  question  with  a  commanding 
importance.  It  was  hence  a  matter  of  no  common  interest  to  see 
the  direct  question  put  by  the  Committee  to  the  leading  American 
geologists — "In  your  opinion  is  Eozoon  Canadense  of  organic 
origin  f    Replies : 

Professor  Dana :  "  I  think  not." 

Sir  J.  W.  Dawson :  "  Yes." 

Dr.  Sterry  Hunt :  "  Yes." 

Professor  Le  Conte :  **  Doubt  it  Have  no  independent  opinion 
on  the  subject." 

Professor  Irving :  "  No ;  inorganic." 

Dr.  Emmons :  "  No." 

Mr.  Walcott:  "Yes,  probably." 

Professor  G.  H.  Williams :  "  No." 

Professor  Hitchcock :  "  No." 

VOU  XL  L 
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Professor  N.  H.  WincheU :  "  No." 

Professor  Wadsworth :  *'  No ;  it  has  been  proved  to  be  geologi- 
cally impossible  that  it  is  organic" 

Professor  Emerson :  "  No." 

Professor  Pumpelly :  "  No.  Seems  to  me  of  metasomatic  origin 
in  every  section  I  have  studied." 

Professor  A.  Winchell:  "Not  being  an  original  authority,  I 
have  felt  disposed  to  rest  on  the  opinions  of  experts  in  the  lower 
forms  of  animal  life  rather  than  on  those  of  mineralogists  and 
petrographic  geologists.  I  have,  therefore,  regarded  Eozoon  as 
animal  in  nature." 

Here  indeed  is  a  problem,  one  of  the  first  magnitude,  trenchantly 
dealt  with  in  a  way  affecting  not  only  questions  of  grouping  and 
nomenclature,  but  the  history  of  the  eras  during  which  our  world 
has  been  tenanted  by  life.  With  great  probability  it  may  he 
assumed  that  life  is  only  an  episode  in  the  history  of  the  globe ; 
and  if  this  is  to  be  greatly  abbreviated,  in  accordance  with  the 
remarkable  migority  of  those  experts  whose  opinion  has  'been 
sought  as  above,  the  reasoning  of  certain  aiithors  may  have  to. 
be  much  modified.  The  great  scale  on  which  this  question  is 
presented  to  scientific  enquiry  may  be  seen  by  a  quotation  from 
Professor  A.  Winchell,  who  says  that  "the  Archaean  is  an 
assemblage  of  clastic  rocks  taking  rank  with  Palssozoic,  Mesozoic, 
&c.  I  even  suspect  that  more  complete  knowledge  will  show  it 
to  possess  magnitude  and  diversification  of  history  equal  to  all 
the  succeeding  formations.  It  is  certainly  not  permissible  to  set 
it  down  in  the  rank  of  a  *  system.' " 

Those  of  our  Society  who  have  seen  only  the  limited  scale  of 
the  crystalline  schists  in  this  county  (and  yet  we  are  very  un- 
certain about  them  here)  will  be  hardly  prepared  for  so  magnified 
an  estimate  of  their  importance ;  but  some  of  our  dashing  workers 
among  the  "  Pre-Carabrians,"  in  Wales  and  Scotland,  have  been 
grouping  systems  of  thousands  of  feet  thick,  and  inventing  names 
for  them  which,  though  conveniently  applicable  for  temporary  or 
local  descriptions,  some  of  the  American  reporters  assert  should 
be  "  carefully  excluded  from  American  geology." 

No  one  who  visited  the  temporary  museum  could  fail  to  be 
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ttnick  by  the  well-selected  and  most  curiotis  specimens  of  crystal- 
line schists  collected  by  Dr.  Albert  Heim,  of  Zurich,  and 
exhibited  in  connection  with  a  paper  on  their  classification.  The 
Tery  able  author,  setting  out  with  his  impression  that  this  class 
of  rocks  forms  the  most  important  (^ewaltigste)  series  in  the  crust 
of  the  earth,  proceeds  to  a  consideration  of  one  of  the  great 
difficulties  in  understanding  them;  viz.,  the  mechanical  deforma- 
tion to  which  they  have  been  subjected  during  the  shaping  of 
Uie  mountains.  The  folding,  the  cleavage,  and  compression  in 
one  direction,  with  stretching  in  the  other,  together  with  sundry 
pecnliarities  of  structure  which  can  only  be  ascribed  to  mechanical 
Tiolence,  have  of  late  been  often  descanted  upon,  but  have  never 
before  been  so  well  illustrated.  The  extension  in  one  direction 
of  the  Ammonites  and  Belemnites  from  different  beds  of  the 
Swiss  Jura,  in  the  Canton  of  Uri  and  elsewhere,  are  most 
notable,  and  will  remind  those  who  know  our  North  coast  of 
the  beautifully  distinct  species  of  Spirifer  occurring  in  the  slates 
of  TintageL  In  these  the  deformity  is  often  very  great,  and  has 
to  be  attributed  to  a  like  cause.  It  may  be  easily  inferred  that 
difficulties  in  the  identification  of  fossils  spring  from  this  so-called 
dynamometamorphosis,  and  that  even  an  acute  observer  like 
Agassii  should  have  mistaken  one  kind  of  fish  in  the  Eocene 
shales  of  Canton  Glarus  for  two,  if  not  three,  difTerent  species. 

But  time  and  space  forbid  me  to  occupy  you  longer  with  the 
lemilts  of  the  many  interesting  publications  which  have  emanated 
from  this  Congress,  and  of  which  I  am  glad  to  present  some 
copies  to  your  Library.  We  can  only  glance  at  the  fact,  in 
numing  our  eye  up  the  geological  ladder,  that  the  upper  and 
lower  limits  of  the  Cambrian  and  Silurian  systems  are  still,  after 
nearly  half  a  century,  by  no  means  definitely  fixed.  There  seems 
to  be  a  prevailing  opinion  in  favour  of  uniting  the  two  as  one 
system,  in  which  case  the  term  Cambro-Silurian  would  appear 
unobjectionable,  whilst  the  proposal,  not  very  strongly  brought 
forward,  to  employ  the  term  Bohemian — liable  to  ludicrous  mis- 
conceptions— met  with  very  few  backers.  It  was  satisfactory 
to  observe  that  one  suggestion,  to  introduce  a  personal  name,  viz., 
'^  Barrandian,"  fell  to  the  ground  ignored. 

L  2 
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The  upper  boundary  of  the  PalsBozoic  rocks  is  again  a  subject 
upon  which  much  has  been  said  and  written,  but  about  which 
and  the  relation  of  the  Permian  to  the  Carboniferous  strata  there 
yet  remains  much  to  enquire  into,  and  the  whole  was  evidently 
treated  as  a  matter  which  could  not  be  decided  by  a  vote. 

I  will  only,  in  conclusion,  refer  to  the  newer  groups  which 
form  the  upper  end  of  the  scale,  and  to  which  in  this  county  a 
new  interest  has  been  added  by  the  discoveries  at  St.  £rth.  The 
old  classification  of  the  Tertiary  strata  by  Sir  Charles  Lyell  and 
Deshayes  remains  much  as  it  was,  though  modified  by  the  needs 
of  those  who  had  subdivisions  to  propose.  But  so  generally  are 
those  terms  employed  that  one  opposes  instinctively  the  proposals 
made  by  some  few  authors  for  changes  of  very  doubtful  advantage. 
Take,  for  instance,  the  division  of  the  Tertiaries  put  forward  by 
the  Portuguese  Committee,  the  words  in  their  French  dress : 

STitems.  Oroaps.  Stagoi. 

HolooeDien. 


1.  Makoinique.     .    .    Cinogfeue  .    .    .    .  {   gtbS^n. 

Pliocenien. 
Miocenien. 

Pal«ogfcne      .    .     .(   Oligooenien. 

(    Eocenien. 


Niogine    .    .    .    .{   Plio**"""- 
2.  Hessoceniques    .    .  ^ 


On  the  subject  of  the  West  Cornwall  Tertiary  beds,  Professor 
Prestwich,  in  the  second  volume  of  his  Geology^  lately  presented 
by  him  to  the  Society,  states  the  facts  so  far  as  known,  and  his 
opinion  as  derived  from  the  fossils. 

"Species  of  Nassa,  Turritella,  Cerithium,  and  Natica  are  the 
predominant  shells,  and  they  seem  to  present  a  singular  admixture 
of  Miocene  and  Pliocene  forms,  possessing  on  the  whole,  according 
to  Mr.  S.  V.  Wood  and  Dr.  Gwyn  Jeffreys,  an  essentially  Southern 
character.  Out  of  forty-five  species  Dr.  Jeffreys  could  only 
recognize  ten  or  twelve  as  living  forms,  while  twenty-two  were 
unknown  to  him  either  as  Tertiary  or  recent. 

"Mr.  P.  P.  Kendall's  and  Mr.  Robert  Bell's  further  researches 
have  increased  the  number  of  known  species  to  seventy-seven, 
of  which  they  consider  that  twenty-four  agree  with  species  in 
the  Miocene  beds  of  the  Continent,  forty-four  with  those  of  the 
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Crags  of  Korfolk  and  Suffolk,  while  fifty-six  are  recent  fonns. 
Bui  they  still  leave  about  twenty  not  known  either  in  a  fossil  or 
a  recent  state.  They  are,  however,  of  opinion  that  the  St.  £rth 
deposit  was  probably  formed  early  in  the  Red-Crag  period,  and 
tccoimt  for  the  absence  of  the  common  boreal  shells  of  the 
Suffolk  Crag  by  supposing  that  the  two  areas  were  then  divided 
by  a  tract  of  land,  while  the  number  of  Mediterranean  shells 
leads  them  to  conclude  thaC  a  communication  existed  with  that 
aea  through  the  South  of  France."  The  large  proportion  of 
extinct  to  recent  species  will  approach  nearer  to  that  of  some  of 
the  Faluns  of  Miocene  age.  "  The  large  size  which  some  of  the 
sheUs  attain  is  worthy  of  notice." 

A  strong  feeling  exists  among  many  Continental  geologists  in 
^voor  of  recognizing  a  group,  to  be  termed  Quaternary,  above 
the  true  Tertiaries,  and  including  in  it  the  so-called  Diluvium. 
The  sections  which  from  time  to  time  have  been  exposed  on  the 
Cornish  coasts  and  in  the  stream  works,  embracing  probably 
Quaternary  as  well  as  recent  time,  are  of  so  much  interest  to 
geologists  of  the  Western  counties  that  I  need  hardly  apologise 
for  adding  a  few  words  on  this  head. 

At  the   foot   of  our  stairs   every  one  will  notice   the  bones 

obtained  from  the  "  Happy  Union  "  Stream  Work  at  Pentuan — 

bones  which  were  recognized  and  described  by  my  brother-in-law. 

Professor  Flower,  F.R.8.,  as  belonging  to  an  extinct  kind  of  whale, 

Etchrichttus  Bobttgtus.  A  few  days  ago  Professor  Prestwich,  unable 

JQst  now  to  visit  Penzance,  forwarded  me  some  letters  of  the  late 

Dean  Buckland's,  which  he  rightly  thought  would  be  valued 

here.     One  of  these  is  from  Mr.  Punnett,  dated  from  St  Columb, 

January  19th,  1828,  and  refers  to  this  find  as  follows : 

"On  Friday  last  I  had  an  opportunity  of  examining  some 
bones — antediluvian  I  conclude — which  have  been  dug  up  in 
some  stream  work  in  this  neighbourhood.  The  circumference 
of  the  largest  was  two  feet  and  a  half,  its  length  under  two  feet. 
Many  other  smaller  bones  have  been  also  excavated,  the  longest 
of  wliich  has  been  sent  to  Dr.  Fitton,  of  the  Geological  Society  in 
London.  I  suspect  that  but  a  bungling  account  has  gone  up  of 
it.    The  locality  in  which  it  was  found  and  the  nature  of  the 
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soil,  &c.y  have  not,  I  believe,  been  particularized.  One  fa 
staggered  me  a  great  deal  Nearly  four  feet  below  the  leii 
from  which  these  bones  were  taken,  and  in  a  substratum  of  si 
was  found  a  human  skulL  How  can  one  account  for  the  sup 
position  of  the  remains,  unquestionably  antediluvian,  unless  t 
skull  were  also  of  the  same  date,  or  prior  thereto  t  The  woi 
are  still  going  on,  and  the  person  who  has  the  sett  is  an  intelligc 
man  and  a  keen  observer.  Other  remains  have  been  since  i 
cavated,  and  if  you  feel  at  all  interested  about  it  I  will  give  y 
a  minute  detail,  accompanied  with  such  drawings  as  I  can  ma 
of  the  site  of  the  stream  works,  and  any  other  particulars  whi 
may  assist  you  or  you  may  desire.  There  is,  I  know,  soi 
jealousy  in  these  matters;  but  Colenso,  the  proprietor,  is, 
believe,  at  present  not  indisposed  to  communicate  with  me  a 
to  give  me  every  facility." 

It  will  be  remembered  that  careful  measurements  of  t 
various  constituents  of  this  stream  work  were  afterwards  p 
pared  by  Mr.  Ck)lenso,  father  of  the  late  Bishop  of  KataL 

The  measured  section  of  the  "  Happy  Union,"  the  appearanc 
visible,  about  1852,  at  the  "London  Apprentice"  Stream  Woi 
and  those  of  the  Carnon  Works,  given  in  the  TransactionB 
ihis  Society,  voL  iv.,  p.  57,  offer  some  of  the  most  startling  di 
with  respect  to  the  changes  in  the  level  of  the  land  since  m 
made  his  appearance  on  the  scene. 

It  may  give  a  fair  idea  of  the  difficulties  that  beset  what 
some  would  appear  a  simple  question,  and  will  illustrate  t 
different  views  of  some  of  the  most  competent  judges,  if  I  gi 
you,  in  a  few  words,  the  pith  of  what  was  said  about  t 
proposed  "  Quaternary  "  at  the  late  meeting. 

M.  Renevier  protested  against  a  terminology  which  woi 
appear  to  give  to  the  Quaternary  a  value  comparable  to  t 
chronological  divisions  of  the  first  order — Primary,  Seconda 
and  Tertiary.  As  respects  the  evolution  of  living  creatures,  t 
Quaternary  can  only  be  looked  on  as  a  subdivision  of  t 
Tertiary,  or  even  of  the  Pleiocene.  No  organic  type  of  i 
portance  has  appeared  in  the  Quaternary  time,  except  only  xm 
And  even  that  fact  is  not  fully  established.     And,  again,  t 
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giadal  phenomenon  cannot  be  considered  characteristic  of  that 
period.  For  these  reasons  he  would  consider  the  Quaternary 
only  a  subdivision  of  the  Tertiary,  and  would  designate  it 
Pldstocene. 

M.  De  Lapparent  thought  the  essential  point  was  not  to 
nessure  whether  the  epoch  of  the  Quaternary  was  an  equivalent 
of  the  Tertiary  era,  but  to  decide  whether  such  important  events 
have  occurred  between  the  two  periods  as  to  warrant  the  opening 
of  a  new  phase.  In  a  biological  point  of  view,  it  is  at  this  time 
that  man  appeared ;  and  whatever  may  be  the  difficulty  of 
dnwing  the  line,  as  against  the  Tertiary,  we  ought  certainly 
to  preserve  the  systematic  importance  of  this  great  first  ap- 
pearance of  our  species. 

M.  Gaudry  thought  that  the  Quaternary  epoch  should  be 
separated  from  the  Tertiary.  The  Quaternary  is,  as  regards  its 
faona,  the  existing  epoch.  If  the  ages  of  the  world  are  to 
be  classed  by  biological  phenomena,  we  must  distinguish  a 
Qnatemaiy  period.  Thus  the  Primary  era  saw  the  reign  of 
the  invertebrates  first,  and  then  that  of  fishes;  the  Secondary 
era  was  marked  by  the  development  of  the  cold-blooded  verte- 
brates; the  Tertiary  was  characterized  by  the  extension  of  the 
warm-blooded  vertebrates  (mammif^te  and  birds).  The  Quater- 
nary is  the  epoch  of  the  reign  of  man. 

Signor  Sacco,  of  Turin,  gave  his  adhesion  to  this  view  from 
seismic  arguments,  there  being  reason  to  infer  that  between  the 
Pleiocene  and  the  Quaternary  there  were  great  earth  movements, 
attended  by  a  profound  change  of  climate. 

Dr.  Blanford  agreed  with  M.  Renevier  in  rejecting  the  term 
Quaternary,  and  in  attaching  that  formation  to  the  Tertiary.  It 
was  bringing  the  matter  to  a  false  issue  to  introduce  a  personal 
question  such  as  that  of  the  appearance  of  man.  He  regretted 
that  the  term  Quaternary  had  been  adopted  for  the  geological 
map  of  Europe. 

The  study  of  the  Tertiary  formations  of  Asia  gives  evidence  in 
favour  of  the  views  of  M.  Renevier.  Those  accumulations  are 
naturally  divisible  into  two  great  series — the  lower  one  marine, 
with  a  thickness  of  2,500  feet,  from  the  lowest  Eocene  to  the 
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Miocene  inclusive;  the  upper  one,  terrestrial  or  fluviatile,  10,0(K> 
feet  thick,  from  the  Pleiocene  to  the  present  time. 

M.  GoBselet  (lille)  saw  a  new  argument  in  favour  of  the 
Quaternary  in  the  great  development  of  the  fluvial  phenomena 
which  characterize  this  epoch.  Most  of  the  great  valleys  are 
anterior,  it  is  true,  to  Quaternary  time,  but  they  have  been 
further  excavated  during  that  epoch — a  process  going  on  to  this 
day. 

M.  Renevier  protested  against  the  importance  attributed  to  the 
single  fact  of  the  appearance  of  man.  No  organic  type  charac- 
terizes the  Quaternary  epoch.  The  other  arguments  brought 
into  play  he  considered  disputable. 

Dr.  John  Evans,  F.B.S.,  noted  that  there  was  no  question  of 
fact  before  them ;  it  was  only  a  question  of  terminology.  And 
he  thought  that  the  most  practical  solution  was,  without  assigning 
an  absolute  value  to  the  term  Quaternary,  to  employ  a  special 
term  to  designate  the  epoch  in  which  man  has  existed. 

M.  De  Lapparent  brought  forward  more  arguments  to  show 
that  there  were  other  reasons  besides  the  appearance  of  man  that 
called  for  a  special  division ;  whilst  M.  Pilar,  of  Croatia,  confessed 
himself  a  partisan  of  that  classification  which  would  assign  a 
special  place  to  the  reign  of  the  human  race.  He  would  give 
to  the  Anthropozoic  group  a  value  equivalent  to  that  of  the 
Cainozoic,  Mesozoic,  and  Palaeozoic  groups  all  together. 

Professor  Prestwich,  in  winding  up  the  discussion,  was  inclined 
to  recognize  the  importance  of  the  advent  of  man ;  in  addition  to 
which,  cosmical  phenomena  and  important  changes  of  climate 
induced  him  to  employ  for  this  epoch  the  term  Pleistocene,  and 
ho  would  make  it  commence,  in  England,  with  the  base  of  the 
Forest'bedj  the  epoch  of  the  appearance  of  the  existing  climate. 

It  may  be  averred  that  the  International  Congress  has  settled 
but  very  little,  and  yet  the  resultant  good  to  science  and  civili- 
zation has  been  conspicuous  in  the  cementing  of  friendships,  the 
appreciation  of  the  ability  of  our  foreign  visitors,  and  the  re- 
awakening of  interest  in  so  many  of  the  questions  which  claim 
our  study. 


REPORT  OF  THE  COUNCIL. 


Iv  presenting  this,  the  Seventy-fifth  Annual  Report,  the  Council 
have  little  to  record  other  than  the  ordinary  routine  of  the 
Society's  work. 

Displayed  upon  the  table  are  a  number  of  specimens  which 
haye  been  received  as  additions  to  your  Museum  from  various 
doDois  at  home  and  abroad  during  the  past  year.  They  will 
befoand  particularized  in  the  Report  of  your  Curators. 

Periodicals  and  volumes  continue  to  be  added  to  the  Library 
by  purchase  in  the  usual  course,  and  several  books  and  pamphlets 
hare  been  presented,  as  your  Librarian's  Report  will  show. 

The  Science  Classes  are  still  carried  on  successfully  by  Messrs. 
Bamett  and  Corin.  Although  the  attendance  during  last  winter 
was  not  so  large  as  in  some  previous  years,  the  results  of  the 
ilay  examinations  were  satisfactory. 

It  is  with  regret  that  the  Council  find  themselves  deprived  of 
the  services  of  both  your  Curators.  Mr.  Frecheville,  having 
ceased  to  reside  in  the  county,  has  resigned  his  office.  Dr.  Came 
Ross  also  has  removed  to  the  North  of  England. 

It  has  been  suggested  to  the  Council  that  a  more  general 
mterest  than  at  present  exists  in  the  study  of  Geology  in  this 
Ticinity  might  probably  be  stimulated  by  lectures  bearing  upon 
the  subject,  given  from  time  to  time  in  this  Museum ;  and  that 
the  Society  might  benefit  itself  by  endeavouring  to  arrange  for 
such  a  course,  either  through  the  scheme  of  University  Extension 
Lectures  now  in  operation,  or  in  some  other  way. 

During  the  past  twelve  months  we  have  to  lament  the  fact 
that  five  members  have  been  removed  from  our  roll  by  death. 
The  first  who  died  was  Mr.  Francis  Boase,  on  7th  February  last. 
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He  had  long  been  a  finn  supporter  of  the  Society,  and  took  an 
especial  interest  in  ite  affairs  at  the  time  of  its  establishment  in 
the  home  it  now  occupies.  Kext  we  lost  a  very  energetic  bene- 
factor of  this  and  kindred  societies  in  Mr.  6.  L.  Basset,  who 
died  25th  July.  Another  most  valuable  Member  and  Vice- 
President  was  Mr.  S.  T.  6.  Downing,  whose  comparatively 
sudden  decease  happened  on  8th  August  He  was  a  very 
regular  attendant  at  our  Council  meetings,  and  his  loss  will 
be  much  felt  More  recently  Mr.  William  Trythall  and  Mr. 
William  Dennis  have  passed  away.  Both  these  gentlemen  had 
been  Members  of  this  Society  for  very  many  years,  and  in- 
terested themselves  in  its  welfare. 

In  conclusion,  your  Coxmcil  desire  to  recommend  for  election 
as  Honorary  Members  of  this  Society,  Dr.  Beyrich,  of  Berlin, 
late  President  of  the  International  Geological  Congress,  and 
M.  Charles  Barrois,  of  lille. 

Gborqb  Bown  Millbtt,  Hon.  Sec 


Penzance,  26(A  October,  1888. 


LIBRAEIAN'S  REPORT. 


Thi  following  works  have  been  added  to  the  Library  during  the 
year: 

L  TRANSACTIONS,  JOUENAJLS,  AND  REPORTS. 

hruenUd  by  the  respective  Societies,  Editors,  and  other  Donors, 

or  purchased, 

Boston.    American  Academy  of  Arts  and  Sciences. 

Proceedings :  VoL  xiv.,  part  2,  December,  1886,  to  May,  1887. 
8vo.     Boston,  1887. 

Bristol     Bristol  Naturalists'  Society. 

Proceedings :   New  series,  voL  v.,  part  3.      8vo.      Bristol, 

1887-88.      List  of  Officers,  Council,   &c.      8vo.      Bristol, 

1888. 
Brussels.     Soci^t^  Royale  Malacologique  de  Belgique. 

Procte-verbaL  pp.  81-142,  1887.     8vo.     Bruxelles.     n.d. 

California.     California  State  Mining  Bureau. 

Seventh  Annual  Report  of  the  State  Mineralogist  [William 
Irelan,  jun.]  for  the  year  ended  October  1st,  1887. 

8vo.     Sacramento,  1888. 
Bulletin :  No.  1. — A  Description  of  the  Desiccated  Human 
Remains  in  the  Califomian   State  Mining  Bureau.     By 
Winslow  Anderson,  m.d.     8vo.     Sacramento,  1888. 

Camborne.     Mining  Association  and  Institute  of  Cornwall. 

Account  of  the  Eighth  Exhibition.     [Reprint  from  Mining 
Journal  of  August  4th,  1888.]    8vo.    Camborne — London, 
1888. 
Transactions :  Vol.  ii.,  part  1. 
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Cambridge.     Cambridge  University  Library. 

Thirty-third  Annual  Report  of  the  Library  Syndicate,  May 
9th,  1888.     4to.     Cambridge,  1888. 

Canada.     Geological  and  Natural  History  Survey  of  Canada. 

Annual  Report,  with  accompanying  Maps.     By  A.  R  C. 

Selwyn.     Vol  ii.  (New  Series),  1886. 

[Contains  Reports  by  A.  R.  C.  Selwyn,  G.  M.  Dawson, 

R.  G.  Mc  Council,  J.  B.  Tyrrell,  A.  P.  Low,  R  Bell,  R  W. 

Ells,  R.    Chalmers,   L.    W.    Bailey  and  W.  Mclnnes,   H- 

Fletcher,  E.  R.  Faribault,  K  Cost^  and  G.  C.  Hoflfman.] 

8vo.     Montreal,  1887. 
.     Canadian  Institute,  Toronto. 

Proceedings :  fasc.  1,  2,  of  vol  v.,  series  iii. 

Annual  Report  for  1886-87,  being  part  of  Appendix  to  thd 

Report  of  the  Minister  of  Education,  Ontario,  1887. 

8va     Toronto,  1887-88. 
,     Royal  Society  of  Canada, 

Proceedings  and  Transactions  for  the  year  1887,  vol.  v.     4to. 

Montreal,  1888. 

Colorado.     Colorado  Scientific  Society. 

Proceedings:  Vol  ii.,  part  3,  1887.     8va     Denver  [1888]. 

Dorpat.     Dorpater  Naturforscher-Gesellschaft, 

Sitzungsberichte  :  Band  viiL,  heft  2.     8vo.     Dorpat,  1888. 
Schriften :   XL — Einige  Spielarten  der  Fichte.      Von  Graf 

Fr.  Berg. 
„         IIL — Zur  Anatomic    resp.   physiologischon    und 
Vergleichenden   Anatomie  der   Torfmoose. 
Von  Dr.  E.  Russow. 
„         IV. — Neue  Untersuchungen  iiber  die  Bessersche 
Formel    und    deren    Verwendung    in   der 
Meteorologie.      Von  Dr.  Karl  Weihrauch, 
8vo.     Dorpat,  1887-88. 
Dublin.     Royal  Dublin  Society. 

Scientific  Proceedings ;  New  series,  vol.  v.,  parts  7,  8,  1887 ; 

vol.  vi.,  parts  1,  2,  1888.     8vo.     Dublin,  1887-88. 
Scientific  Transactions:  Scries  iL,  vol.  iii.,  part  14  and  title- 
page;  vol.  iv.,  part  1.     4to.     Dublin,  1887-88. 


>9 


99 


Librarian's  Report  141 

'    Edinburgh.     Edinburgh  Royal  Society. 

Proceedings:  Nos.  115^118,  Session  1883-84. 

8vo.     Edinburgh,  1884. 
VoL  xiii.,  November  1884  to  July  1886. 

8vo.     Edinburgh,  1886. 
VoL  xiv.,  November  1886  to  July  1887. 

8vo.     Edinburgh,  1888. 
List  of  Members,  November,  1887.     4to. 

Falmouth.     Boyal  Cornwall  Polytechnic  Society. 

Fifty-fifth  Annual  Report,  1887.     8vo.     Falmouth,     n.d. 

Halifax.     Geological  and  Polytechnic  Society  of  the  West  Riding 
of  Yorkshire. 
Proceedings:  VoL  ix.,  part  3.     8vo.     Halifax,  1888. 

India.    Geological  Survey  of  India. 

Palaeontologia  Indica : 

Lydekker:    Eocene  Chelonia  from  the  Salt-Range. 

[Series  x.     VoL  iv.,  part  3.] 

Waagen:   Salt-Range  Fossils.     Productus- Limestone 

Fossils : — Coelenterata,    Amorphozoa,     Protozoa. 

[Series  xiiL     VoL  L,  part  7.] 

4to.     Calcutta — London,  1887. 
Publication : 

A  Manual  of  the  Geology  of  Lidia. 

Part  iv. — Mineralogy   (mainly    Non-Economic). 

By  F.  R.  Mallet     8vo.     Calcutta,  1887. 
Memoirs : 

Jones:    The   Southern   Coal -Fields   of   the   S&tpara 

Gondwana  Basin.     [VoL  xxiv.,  part  1.] 

8vo.     Calcutta,  1887. 
Records :  VoL  xx.,  parts  3,  4. 

„  „    xxL  parts  1-3.  8vo.     Calcutta,  1887-88. 

Japan.     Seismological  Society  of  Japan. 

Transactions :  VoL  xii.     8vo.     Yokohama  [1888], 

Leicester.     Leicester  Literary  and  Philosophical  Society. 

Transactions :   New  Quarterly  Series,  part  5,  October,  1887 ; 
parts  6,  7,  8,  January  to  July,  1888. 

8vo.     Leicester,  1887-88. 
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Lille.     Soci^t^  G^logique  du  NorcL 

Annales :  Tome  ziv.,  1886-87.     8ya     Lille,  1887. 

Liverpool     Liverpool  Engineering  Society. 
Transactions :  YoL  viL,  Session  1886. 
Report,  Riiles,  &c,  and  List,  1887.     8vo.     Liverpool,  1887. 

London.     British  Association  for  the  Advancement  of  Science. 
Report  of  the  Fifty-^venth  Meeting,  held  at  Manchester  in 
August  and  September,  1887.  8va     London,  1888. 

.     Congr^  G^lQgique  Litemational,  4*  Session.     Londres, 

1888. 
Discours  de  M.  le  Professeur  J.  Prestwich,  President  do 

Congr^s,  le  Lundi,  17th  September,  1888. 
Explications  des  Excursions.     R^g^  par  W.  Topley,  avec 

la  Collaboration  de  E.  Van  den  Broeck  et  J.  Purves. 
Catalogue  de  1' Exposition  G^logique. 
Etudes  sur  les  Schistes  Cristallins. 
Resiun^  des  Rapports  des  Sous-Comit&i  Am^ricains.    R<kiig^ 

par  M.  le  Professeur  Persifor  Frazer.    Traduit  de  I'Anglais 

par  M.  le  Professeur  G.  Dewalque.    8vo.    Londres,  1888. 
[Presented  by  Sir  W.  Smyth.] 

.     Geological  Record  for  1 879,  with  Supplements  for  1 874-78. 

Edited  by  W.  Whitaker  and  W.  H.  Dalton. 

8vo.     London,  1887.     PurcJiased, 

.     Geological  Record  for  1880-84  (inclusive).      Edited  bj 

W.  Topley  and  C.  D.  Sherbom.     VoL  i. — Stratigraphical 
and  Descriptive  Geology. 

8vo.     London,  1888.     Purc?iased. 

,     Geological  Society  of  London. 

Abstracts  of  Proceedings. 

List .  .  .  November  Ist,  1887. 

Quarterly  Journal,  No.  172  of  vol  xliiL 

„  „  „    173-175  of  vol  xliv. 

8vo.     London,  1887-88. 
.     Geologists'  Association. 

Proceedings :     Nos.  3-7  of  voL  x.     8vo.     London,  1888. 
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Lundon.    Pakdontographical  Society.     Vol  zlL  for  1887. 

4ta     London,  1887.     FureJuued. 

— ,    London,  Edinbuigh  and  Dublin  Philosophical  Magazine. 
Series  V.  No.  151  of  voL  xxiv. 
„  „     152-157  of  vol  XXV. 

„  „     158-161  of  voL  XX vi. 

8va     London,  1887-88.     Purchased. 

— %    Rojal  Society. 

Proceedings :  Nos.  259-264  of  yoL  xliiL 
„  „     265-270      „      xliv. 

8vo.     London,  1887-88. 

— .    Society  of  Chemical  Industry. 

Journal.     Nos.  10-12  of  yoL  vi.,  and  index. 

„  „        1—9  „       VIL 

Bye-Laws  ...  as  amended  Jiily  14th,  1886. 

8vo.    London,  1887-88. 

Manchester.     Manchester  Geological  Society. 
Transactions:  Parts  11-20  of  vol  xix. 

8vo.     Manchester,  1887-88. 

• — .    Manchester  Scientific  Students'  Association. 
Report  and  Proceedings  for  the  year  1887. 

8vo.     Manchester,  1888. 

Xewcastle-upon-Tyne.      North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 
Transactions :  VoL  xxxviL,  parts  1-4. 

8vo.     Newcastlo-on-Tyne,  1887-88. 

New  Haven.     Connecticut  Academy  of  Arts  and  Sciences. 
Transactions :  VoL  vii.,  part  2.     8vo.     New  Haven,  1888. 

New  York.     American  Geographical  Society. 

Bulletin :  No.  4  and  Supplement,  voL  xix.,  1887. 
Nos.  1,  2,  3,  voL  XX.,  1888. 

8vo.     New  York,  1888. 
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New  York.     New  York  Academy  of  Sciences  (late  Lyceum  of 
Natural  History). 
Annals  :  Vols,  ix.,  x.,  xL  (Lyceum  of  Natural  History). 

New  York,  1868-76. 
„  Vols.  L,  iL,  iii  (New  York  Academy  of  Science). 

8vo.     New  York,  1877-85. 
Vol.  iv.,  Nob.  3,  4.     8vo. .  New  York,  1888. 

Cooper  Union  for  the  Advancement  of  Science  and  Art 
Twenty>ninth  Annual  Report  of   the  Trustees,  May  26th, 
1888.     8va     New  York,  1888. 

New  South  Walea     Department  of  Mines. 

Annual  Report  of  the  Department  for  the  year  1886. 

Folio.     Sydney,  1887. 

Geology  of  the  Vegetable  Creek  Tin-Mining  Field,  New 
England  District  .  .  .  with  Maps  and  Sections.  By  T.  W. 
Edgeworth  David.     8vo.     Sydney,  1887. 

Mineral  Products  of  New  South  Wales.  By  Harrie  "Wood, 
Under  Secretary  for  Mines. 

Notes  on  the  Geology  of  New  South  Wales.  By  C.  S. 
Wilkinson,  Geological  Surveyor  in  Charge. 

Description  of  Seams  of  Coal  worked  in  New  South  Wales. 
By  John  Mackenzie,  Examiner  of  Coal  Fields. 

4to.     Sydney,  1887. 

— ,     Royal  Society  of  New  South  Wales. 
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Thb  following  specimens  have  been  received : 

NAMB  AND  LOCALTTT.  DONOR. 

Gold  in  Blue  Quartz.     Balaghat  Mysore  Mine, 

S.  India. 
Hauyne,  with  Angite,  &c.    Niedermendig,  near 

Andemach,  Rhine        •  ... 

Witherite.    Near  Hexham,  Northumberland 


Sir  W.  W.  Smj 


Tinstone.     Very  fine  specimen  of  Stream  Tin  ^ 
from  a  surface-work  about  a  quarter   of  a 
mile  west  of  the  Church,  Zennor;  late  in 
the  possession  of  the  Rev.  W.  Borlase,  Vicar 
of  Zennor      .  •  •  •        • 


Admiral  Borlas 


Gold  in  Ferruginous  Quartz.    Beehive  Gold  Min-  )  p  q. 
ing  Company,  Transvaal  .  .        .  )     * 

Calcite  on  Quartz.  Bottom  level,  Levant,  St  Just      Thos.  Cornish. 

Specimens  of  Copper  Ores.   Moonta  Mines,  South  I  n  R  H         V 
Australia  .  .  •        .  J      '     * 

Witherite.    Pennant  Mine,  St  Asaph        .        .      C.  Le  Neve  Foi 

Zinc  Blende.  Cementing  a  brecciated  lode,Talacre 


Mine,  Holywell,  Flintshire 
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LIST  OF  PAPERS  READ  AT  THE  ANNUAL  MEETB 

geth  October,  1888. 


1.  Some  Detrital  Deposits  Associated  with  the  Plymouth  Limestc 
Ry  R.  N.  Worth,  p.g.b. 

2.  The  Cerros  of  Famatina.    By  F.  £.  Harman,  F.a.a,  f.cs. 


SOME  DETRITAL  DEPOSITS  ASSOCIATED 
WITH  THE  PLYMOUTH  LIMESTONE. 

Bt  R.  N.  Wobth,  f.o.8. 

(Bead  October  20,  1888.) 


The  existence  of  detrital  deposits  in  association  with 
the  Pljrmouth  limestone  has  long  been  known,  and 
they  have  been  the  subject  of  sundry  papers.* 

The  deposits  thus  described  are  beds  of  sand,  clay, 
and  pebbles,  lying  in  hollows,  or  filling  pockets,  in 
the  limestone  plateaux  of  the  Hoe  and  Cattedown ; 
and  have  no  connection  with  the  raised  beach  of  the 
former  locality.  Mr.  Whitley  regarded  this  detritus 
as  glacial  drift ;  Mr.  Collins  identified  the  rocks  as 
mainly  of  Dartmoor  origin.  The  latter  is  the  view  I 
have  myself  maintained,  and  a  careful  and  prolonged 
examination  of  the  latest  exposures  established  this 
position  conclusively.  The  fine  sands  are  quartzose ; 
the  larger  pebbles  almost  wholly  either  of  quartz  or 
schorl-rock,  with  an  occasional  example  of  grey  grit ; 

*  Vide  papers  by  Mr.  N.  Whitley  and  myself  in  the  Transactions 
of  this  Society ;  by  Mr.  J.  H.  CoUins  in  the  Report  of  the  British 
^ftociatum,  Plymouth  Meeting,  1877 ;  by  myself  in  the  Journal  of  the 
Magical  Society,  and  in  the  Transactions  of  the  Plymouth  Institution 
>nd  Devonshire  Association, 
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the  smaller  pebbles  include  also  quartz  and  felspar 
gravel,  hornblende -schist,  iron -ore  vein -stuff,  and 
brown  pumiceous  rock ;  the  coarser  sand  is  sub- 
stantially a  schorlaceous- granitic  debris.  All  th< 
recognizable  rocks  have  their  prototypes  on  tb 
western  flank  of  Dartmoor,  between  Meavy  an< 
Brent  Tor ;  that  is,  they  are  those  of  the  watershe< 
of  the  Tavy  rather  than  of  the  Plym. 

No  trace  of  organic  matter  has  been  hitherto  re 
corded  from  these  deposits,  but  I  have  recently  ha< 
the  good  fortune  to  obtain  a  fragment  of  wood.  1 
is  remarkably  light,  and  is  probably  birch. 

The  detritus  which  forms  the  subject  of  th 
present  note  is  quite  distinct  from  that  just  cited 
Its  existence  was  discovered  by  Mr.  R  Bumard,  an« 
he  and  I  are  now  engaged  in  L  investigation.  Th 
facts  already  ascertained  are,  however,  so  curioui 
and  seem  likely  to  have  such  an  important  bearin 
on  the  Tertiary  and  more  recent  geology  of  Devoi 
that  I  have  ventured  to  offer  these  few  observation 
to  the  Society  at  once,  rather  than  delay  them  anothc 
year. 

The  deposit  consists  of  well-rounded  pebbles  an 
subangular  stones  scattered  through  undisturbe 
clayey  subsoil,  immediately  overlying  the  limestone 
on  the  northern  slope  of  Cattedown,  60  to  70  fee 
above  datum,  and  at  a  depth  ranging  from  3  to 
feet.  The  pebbles  run  from  3^  lbs.  in  weight  dow 
to  a  quarter-ounce  or  less ;  and  that  some,  if  not  al 
of  them  have  been  redeposited  from  fissures  expose 
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to  the  action  of  water  charged  with  carbonate  of 
lime,  is  evident  from  their  stalagmitic  incrustation. 
But  the  constancy  of  the  leading  characters  of 
tlieir  association,  as  found  from  time  to  time, 
renders  it  also  manifest  that  the  whole  belong  to 
one  series. 

The  main  peculiarity  is  this :  that  while,  with  few 
exceptions — ^though  these  are  very  important — the 
locks  are  those  still  found  in  Devon,  the  great 
majority  do  not  occur  at  present  in  situ  in  the 
watersheds,  not  merely  of  the  Plym  or  Tavy,  but 
of  either  of  the  rivers  of  South -West  Devon.  Hence 
we  have  indicated  an  enormous  change  in  the 
physical  conditions  of  the  county. 

Flint  pebbles,  for  the  most  part  well  rolled,  and 
from  two  pounds  in  weight  downwards,  form  40  per 
cent  of  the  whole — black,  white,  brown,  and  mottled 
varieties.  Chalk  forms  predominating.  Haldon  is 
practically  the  nearest  point  where  any  of  these 
occur  in  place. 

Next  in  numerical  importance — 13  per  cent. — are 
fragments  of  Schorl  -  Rocky  compact  to  crystalline, 
mostly  subangular,  though  the  edges  are  commonly 
well  rounded.  Eocks  of  precisely  these  types  occur 
within  the  present  watershed,  on  the  nearer  southern 
and  western  edge  of  Dartmoor. 

Flint  and  Schorl-Rock  pebbles  thus  make  up  more 
than  half  of  the  total;  and  over  half  of  the  remainder 
is  composed  of  Limestones,  Grits,  and  Quartz  vein- 
stones. 
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The  Limestone  pebbles  number  10  per  cent  Most 
are  of  local  origin,  but  some  of  these  enter  very 
doubtfully  into  the  calculation,  taking  form  probably 
from  corrosion  rather  than  erosion.  One  appears  to 
be  Carboniferous.  Three  are  important.  These  are — 
(a)  a  large  pebble  of  Lias  limestone ;  (6)  a  pebble  of 
drab,  cherty,  possibly  Carboniferous,  limestone;  and 
(c)  a  pebble  of  Cretaceous  freestone,  closely  allied  to 
that  of  Beer.  No  such  rocks  as  a  and  c  are  now 
found  in  situ  nearer  than  the  extreme  East  of  Devon, 
the  nearest  locality  at  present  also  for  some  of  the 
flints.  The  nearest  point  for  6  is  now  the  northern 
border  of  Dartmoor. 

Grits  and  Quartzites  together  occur  in  the  same 
proportion  as  the  Limestones,  the  Grits  being  to  the 
Quartzites  as  two  to  one.  The  Grits  include  red, 
brown,  grey,  greenish,  mottled,  schistose,  micaceous, 
and  quartzo-felspathic  varieties,  mostly  moderate  or 
fine-grained,  and  appear  to  represent  both  Devonian 
and  Carboniferous  forms.  The  Quartzites  are  grey; 
but  the  largest  and  the  smallest  pebble  contain 
concentric  pink  cores,  change  set  up  after  shaping 
having  stopped  short. 

Quartz  pebbles,  apparently  from  veins  in  Devonian 
or  Carboniferous  slates  or  grits,  rank  next — 9  per 
cent. 

The  six  classes  of  rock  so  far  enumerated  thus 
make  up  82  per  cent,  of  the  entire  total  The  re- 
maining 18  per  cent,  is  drawn  from  much  more 
varied  sources,  and  represents  at  least  seventeen 
different  rock   species,  the   majority  by   individual 
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examples,  while  only  one  contributes  over  2  per 
eent.  of  the  gross  total.  Both  sedimentary  and 
umeous  rocks  occur,  the  former  including  altered 
Lti».  Ha^  Skue  of  yariou,  kinds  BuppUe, 
2  per  cent. ;  Chert^  resembling  that  of  the  Car- 
boniferous series  on  the  North  of  Dartmoor,  2  per 
cent;  while  Lydian  -  Stone^  Quartz  -  Schist^  and 
Hcmblende- Schist  each  give  one  example. 

The  Quartz -Schist  might  almost  be  described  as 
a  Schistose- Quartzite,  but  for  an  impersistent  linear 
arrangement  of  delicate  needles,  apparently  of  schorl. 
The  Hornblende  -  Schist  precisely  resembles  that  of 
Wapsworthy,  on  the  Tavy,  four  miles  N.K  of 
Tavistock. 

This  brings  us  to  the  rocks  of  direct  igneous  origin 
or  association,  which  make  a  total  muster  of  13  per 
cent 

Although  the  drift  of  the  material  is  so  plainly 
from  the  direction  of  Dartmoor,  only  six  examples 
of  this  section   represent  existing  Dartmoor  rocks, 
and  not  one  of  them  is  a  typical  granite.     These 
are — (a)   cream-coloured  granular  Elvan;   (6)   red- 
brown  porphyritic  Ulvan,  the  felspathic  matrix  en- 
closing blebs  of  quartz  and  imperfect  felspar  crystals ; 
(c)  SchorlojceouS'Pegrnatite;  {d)  fine-grained  Granitoid 
rock,  with  black  mica  and  porphyritic  quartz;  (e) 
coarser-grained  rock  of  similar  type,  but  nearer  to 
granite  ;    (/)   coarse-grained   Schorlaceous  -  Granite. 
All  these  pebbles  are  small.     C,  dy  e,  and  /  represent 
varieties  (like  the  schorl -rocks)  associated  with  the 
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granitic  apophyses  of  the  Moor.  In  contrast  to  this 
paucity  it  may  be  observed  that  granite  pebbles  are 
prominent  in  the  beds  of  the  present  rivers  of  South- 
West  Devon  for  miles,  together  with  various  altered 
slates  of  the  granitic  margin  of  which  there  has  been 
no  certain  occurrence  in  this  deposit. 

Other  distinctly .  identifiable  rocks  of  the  series, 
ranging  from  one  example  up  to  1  per  cent,  are : 

Devonian  compact  Lavas  of  the  ordinary  type, 
such  as  occur  between  Plymouth  and  Dartmoor. 

Diabase,  resembling  that  of  Rock  and  Estover, 
in  the  same  direction. 

Gahhro  or  Epidiorite,  of  a  tjrpe  which  does  not 
occur  at  present  nearer  than  Cocks  Tor,  beyond 
Tavistock ;  with  one  example  practically  indistin- 
guishable from  a  form  occurring  at  Houndall,  near 
Cornwood. 

A  pebble  of  Triassic'Trap  (mica-porphyrite  or 
andesite),  resembling  that  on  the  west  of  Plymouth 
Sound,  which  has  been  previously  shown  to  have 
had  a  greater  extension  than  at  present 

We  now  come  to  a  series  of  rocks,  so  far  as  I  am 
aware  wholly  new  to  the  district,  and  the  most 
important  of  which  have  a  thoroughly  distinctive 
character.  They  are  all,  directly  or  indirectly,  of 
igneous  and  volcanic  origin. 

First  in  prominence  are  examples  of  Andesite, 
which  Professor  Bonney,  F.R.S.,  has  very  kindly 
examined  for  me,  and  of  which  he  remarks,  that 
"  they  show  no  devitrification  or  marked  sign  of  age. 
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They  might  have  come  from  the  Andes ;  indeed,  are 
very  like  some  of.  my  slides  therefrom."  There  are 
two  varieties — a  grey,  represented  by  two  pebbles, 
and  a  blackish-brown,  represented  by  one.  Professor 
Bonney's  notes  are  as  follows  : 

Grey  variety. — "Belonging  to  the  first  stage  of 
consoUdation  are :  (1)  Numerous  crystals  of  pla- 
gioclase,  labradorite  or  perhaps  partly  andesite 
[Professor  Bonney  had  not  time  in  these  examina- 
tions to  make  minute  measurements] ;  sometimes 
corroded,  but  often  with  well-defined  crystal  out- 
lines, exhibiting  not  seldom  fine  zoning;  the  inner 
part  with  enclosures  of  glass,  &c.  In  one  or  two  cases 
it  seems  clear  that  an  original  corroded  grain  has 
been  subsequently  augmented.  (2)  A  pyroxene  ; 
some  may  be  augite,  but  much  of  it  gives  the 
straight  extinction  and  the  dichroism  of  a  variety 
of  hjrpersthene.  (3)  Grains  of  iron  oxide;  in  some 
cases,  I  think,  hematite.  Ground  mass  a  clear  glass, 
containing  numerous  microliths  of  felspar  (plagio- 
clase),  a  pyroxene,  and  some  opacite.  The  rock  is 
a  Hjrpersthene- Andesite." 

Dark  variety. — "Belonging  to  the  first  stage  of 
consolidation  are:  (1)  Numerous  crystals  of  plagio- 
clase,  labradorite  probably,  sometimes  corroded  at 
the  edges,  commonly  with  glass  enclosures,  &c.  (2) 
A  few  grains,  generally  without  well-defined  crystal 
angles,  of  augite ;  possibly  a  rhombic  pyroxene  is 
present.  (3)  Some  grains  of  iron  oxide,  probably 
magnetite.  (4)  Some  roundish  grains,  almost  opaque, 
sometimes  dark  brown,  showing  aggregate  structure, 
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probably  a  hydrous  -  ferruginous  mineral  replacing 
some  other,  possibly  a  ferruginous -pyroxene  or  an 
olivine.  Ground  mass  apparently  a  glass,  crowded 
with  opacite,  tiny  lath-shaped  crystals  of  plagioclase, 
and  perhaps  augite  granules.  I  cannot  identify  any 
olivine.  Structure  and  general  aspect  would  lead 
me  to  regard  the  rock  rather  as  an  Augite- Andesite 
than  a  Basalt;  but  I  suspect  it  is  near  the  border 
line."  Dr.  Bonney  adds,  that  after  looking  over 
some  of  his  slides  from  the  Andes  he  feels  almost 
certain  that  this  rock,  too,  is  a  true  Andesite. 

These  examples  have  more  than  local  interest,  from 
their  typical  character. 

Belonging  to  the  same  group  as  the  foregoing  is 
a  very  remarkable  rock,  represented  by  one  pebble — 
a  red -brown  Volcanic  Conglomerate^  the  largest 
particles .  in  which  are  '1  inch  in  diameter.  It 
contains  so  many  varieties  of  volcanic  rock  that, 
as  Professor  Bonney  says,  "to  describe  it  minutely 
and  exhaustively  would  be  a  very  long  business ; " 
and  I  am  extremely  indebted  to  him  for  the 
following  analysis : 

"The  rock  is  composed  of  more  or  less  rounded 
fragments,  cemented  by  a  little  *  paste,'  which  is 
probably  quartz,  sometimes  clear  and  chalcedonic, 
sometimes  crowded  with  dust-like  particles.  Some 
of  the  fragments  are  felspar,  fairly  irregular  in 
outline,  in  part  at  least  plagioclase.  One  or  two 
may  be  quartz ;  one  or  two  are  a  kind  of  viridite, 
probably  replacing  a  pyroxenic  mineral ;  and  one 
small  grain  resembles  epidote.     The  rock  fragments 


1881]  the  Plymouth  Limestone.  159 

are  all,  so  far  as  I  can  see,  of  igneous  origin.  Some 
are  fairly  clear,  some  a  rich -brown  colour,  some 
almost  black  with  opacite ;  some  are  homogeneous, 
except  for  a  little  opacite  and  some  belonites  or 
trichites  of  a  dark  grey  colour,  which  often  are 
grouped  in  more  or  less  dendritic  forms  or  bundles 
like  rootlets.  A  few  of  these  grains  are  still  isotropic, 
but  most  of  those  which  are  transparent  exhibit  de- 
vitrification structure.  Small  spherulites,  showing 
the  black  cross  with  the  two  nicols,  are  rather 
common ;  one  fragment  seems  part  of  a  large 
apherulite.  Other  fragments  show  flow  -  structure  ; 
one  is  perlitic.  Clearly  several  varieties  of  rock 
are  present,  but  I  think  the  majority  may  be  re- 
ferred to  Andesites,  some  of  which  may  not  be  far 
removed  from  basalt;  others  may  have  a  tolerably 
high  percentage  of  silica.  I  think  the  materials 
have  undergone  attrition,  and  have  been  deposited 
by  water,  but  believe  they  have  been  obtained  by 
the  denudation  of  volcanic  cones."* 

Several  moderate -sized  siliceous  green  pebbles, 
exceedingly  hard,  beautifully  worn  and  polished, 
some  semi -translucent  and  breaking  with  a  sub- 
coDchoidal  fracture,  muster  3 '5  per  cent.  One  is 
banded  as  if  originally  schistose,  now  highly  altered ; 
others  have  at  first  sight  a  porphyritic  look.     Micro- 

*  Since  this  paper  was  written  I  have  found  rock  fragments  of 
some  of  these  types  in  a  volcanic  breccia  from  Lee  Moor,  showing 
flow-fltructore  in  a  felsitic  matrix.  The  other  inclusions  are  mostly 
quartzose,  but  there  are  also  broken  felspars,  besides  the  vitreous 
examples.  This  is  the  first  rock  of  distinctly  volcanic  origin  found 
on  Dartmoor  itself,  but  it  docs  not  stand  alone. 
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scopic  examination  shows  that  these  are  mainly,  if 
not  wholly,  fragmental  in  origin ;  and  it  seemed  a 
probable  hypothesis  that  they  represented  highly- 
altered  Volcanic- Breccias  or  Tuffs ^  probably  the 
latter,  as  there  appears  some  evidence  of  the  sorting 
of  the  coarser  and  finer  materials  in  layers.  They 
are  perfectly  new  to  me,  and  I  know  of  no  place 
where  precisely  similar  rocks  occur  in  the  county, 
though  acquainted  with  like  alteration. 

Microscopic  examination  does  not  give  so  clear  an 
answer  in  this  case  as  in  the  others,  because  the 
original  features  of  the  rock  are  much  changed ;  but 
Professor  Bonney  kindly  notes : 

"  It  appears  to  be  composed  of  small  fragments  of 
volcanic  rock,  more  uniform  in  character  than  in"  the 
last-mentioned,  "mostly  bearing  indications  of  a  flow- 
structure,  together  with  some  fragments  of  felspar, 
grains  of  viridite,  and  one  or  two  of  quartz.  The 
effects  of  micro-mineralogic  change  obscure  charac- 
teristic structures,  and  it  is  possible  (in  dealing  with 
a  single  slide)  to  be  deceived  by  an  exceptional 
case  of  flow-brecciation.  I  think,  however,  that  the 
rock  is  of  clastic  origin,  and  composed  of  volcanic 
materials ;  but  as  to  whether  these  have  been  trans- 
ported by  water  it  is  less  easy  to  suggest  than  in 
the  former  case." 

A  dark-grey  rock  fragment,  unrolled,  resembling 
basalt,  proved  when  sliced  to  be  a  fine  Volcanic- 
Breccia  or  Ash,  rather  than  a  tuff,  composed  of  small 
angular  fragments,  mostly  felspathic,  with  some 
quartz  and  a  little  scoriaceous  matter.     There  was 
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m  iK)thmg  to  connect  this  with  the  three  preceding, 
W  and  it  might  belong  to  the  Devonian  volcanic  series, 
[     which  contains  rocks  closely  resembling  it.     At  the 

same  time  the  variation  was  sufficient  to  justify  its 

being  placed  apart. 

About  300  yards  to  the  east  and  higher  up  on 
the  hiU,  other  pebbles  have  been  found  under  similar 
conditions;  but,  as  a  rule,  much  smaller,  few  running 
more  than  three  ounces  in  weight,  and  the  majority 
being  one  ounce  and  under.  Here  flints  of  the  same 
general  character  largely  predominate — 67  per  cent. 
Quartz-vein  pebbles  come  next,  15  per  cent. ;  then 
schorl -rock,  9  per  cent. ;  limestone  (one  possibly 
Carboniferous),  4  per  cent.  ;  and  quartzite,  2  per 
centw  There  are  3  per  cent,  miscellaneous,  including 
single  examples  of  grit,  a  cream-coloured  fine-grained 
elvan,  and  hard  slate,  with  Devonian  lava,  diabase, 
and  doubtfuls. 

The  main  object  of  the  present  note  is  to  record 
the  facts  so  far  ascertained ;  but  I  may  add  that 
the  conclusion  from  these  facts,  borne  in  upon  my 
mind  (the  drift  of  all  the  identified  rocks  known  to 
exist  in  situ  in  the  county  is  from  the  north  and 
east),  is  that  we  have  here  the  relics  of  a  very  early 
stage  of  Dartmoor  denudation,  when  there  still  re- 
mained a  large  quantity  of  covering  rocks  to  be 
removed  from  the  granite  of  the  southern  and 
western  flanks  of  the  Moor.  Whether  that  denu- 
dation was   glacial    or   not  I   express   no   opinion ; 

VOL.   XI.  N 
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but  that  it  was  post -Cretaceous  is  proved  by 
presence  of  the  flints.  And  they  prove,  more< 
that  during  the  formation  of  the  Chalk  a  cons 
able  portion  of  Dartmoor  must  have  been  bcD 
the  waters  of  the  Cretaceous  sea.  The  disco 
of  new  local  volcanic  acidic  rocks  is  to  me 
full  of  interest,  in  its  bearing  on  the  existenc 
volcanic  activities  in  the  Dartmoor  area. 


THE  CERROS  OF  FAMATINA. 

By  F.  E.  Harman,  p.q.s.,  p.c.s.,  etc. 

(BeMl  October  26,  1888.) 


It  is  with  considerable  diffidence  that  I  respond  to 

the  invitation  of  your  President,  and  proceed  to  draw 

your  attention  to  a  hitherto  little  known  region,  that  I 

have  lately  hastily  explored,  in  the  Argentine  Republic. 

The  Cerros  of  Famatina — a  group  parallel  with  and  to 

the  east  of  the  Cordilleras,  which  form  the  boundary 

line  between  the  Republic  of  Chili  and  the  Ai-gentine 

Republic — are  situated  in  the  province  of  Rioja,  in 

about  latitude  27°  South,  and  have  long  had  a  local 

reputation  for  the  number  and   exceeding  richness 

of  their  mineral  veins.     Although  little  known  in 

Europe,  these  veins  were  worked,  before  the  Spanish 

Conquest,  by  the  Incas,  both  for  copper  and  gold ; 

and  since  the  founding  of  the  city  of  Rioja,  in  1591, 

comparatively  large  amounts  of  silver,  copper,  and 

gold   have    been    extracted,    as    much    as    £30,000 

having  been  exported  in  six  months  from  Chilecito, 

the  mining  town  at  the  foot  of  the  hills. 

The  hills  cover  an  area  of  some  700  square  mQes, 
rising  from  plains  3700  feet  above  sea -level  to  an 
altitude  of  18,000  feet.     They  are  composed  mainly 
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of  clay-slate,  especially  at  their  higher  altitudes,  and 
this  is  metamorphosed  in  all  degrees.     Since  their 
elevation  extensive  changes  in  their  formation  do  not 
appear  to  have  taken  place.     The  most  remarkable 
is   that   produced    through   the   violent   changes  of 
temperature   to  which  they  are   subject,   by  which 
the  surface  rock  has  become  broken  into  fragments. 
These  lie  in  uniform  slopes  over  several  of  the  higher 
mountains,  assuming  an  angle  of  36''  from  the  hori- 
zontal.    As  there  is  no  vegetation,  and  these  slopes 
occur  uninterruptedly  over  whole   mountain  sides, 
their  surfaces  being  only  indented  by  the  footsteps  of 
the  guanaco,  or  the  narrow  trail  of  the  few  mule 
troops  that  convey  the  rich  metal  from  the  mines  to 
the  plains  below,  the  effect  on  viewing  tlie  scene  from 
an  advantageous  spot  is  most  striking,  the  mountains 
having  the  appearance  of  being  carefully-sorted  mi 
brightly-coloured  rubbish-heaps.     Each  slope  has  its 
distinctive   colour,   either   bright  light   red,   bright 
yellow,  French  grey,  or  buflF;  and  as  the  slopes  are 
in  some  cases  five  or  six  thousand  feet  from  summit 
to  bottom,  and  of  greater  extent   in  breadth,  the 
vastness  of  the  hills  is  well  portrayed.     The  climate 
is,  as  a  rule,  very  dry,  but  little  rain  and  less  snow 
falling  at  the  higher  points ;  and  the  latter  seldom 
remains  long  on  the  ground,  the  rays  of  the  sun 
quickly  melting   it   on  all   but   the  unexposed  de- 
clivities.    The  air  is,  as  might  be  anticipated,  rare; 
but    notwithstanding    this,    mines    are    successfully 
worked  up  almost  to  the  summit. 

At  one  of  these,  at  which  I  stayed,  the  "Upulungus,'* 
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some  exceedingly  rich  ore  is  being  extracted.     The 
lode,  of  which  no  trace  exists  on  the  surface,  through 
the  constant  obliteration  of  the  loose  rubble  gradually 
moving   downwards   from   higher   levels,   was    first 
wrought  as  a  gold  lode  by  a  "  pilquinero "  or  miner 
working  alone  on  his  own  account  without  capital. 
Such  men  exist  in  some  numbers  in  these  Cerros, 
leading  a  life  of  constant  excitement  and  hardship. 
Leaving  their  little  ranche  on  the  plains  (where  the 
family  remain  to  look  after  the  few  goats  or  sheep, 
and  perhaps  a  mule  or  two,  that  form  their  agricul- 
tural wealth),  they  start  oflF  for  the  mountains  either 
alone  or  with  a  companion,  riding  a  mule  or  donkey, 
and  driving  another  laden  with  tools  and  a  week's 
provisions.     In  a  long  day,  or  day  and  a  half,  they 
reach  their  destination — a  virgin  lode  known  only  to 
themselves.    At  this  they  toil  as  long  as  their  supply 
of  provisions  holds  out,  and  then  return  to  the  plains 
with  a  hundredweight  or  so  of  picked  ore,  which 
they  generally  smelt  by  some  rude  process  of  their 
own.      On  their  next  trip  they  may  return  to  the 
same  spot,  but  more  probably  they  abandon  the  little 
inclined  shaft  they  have  commenced,  and  search  for 
a  new  lode,  stimulated  by  the  roving  spirit  of  the 
adventurer.     The  work  so  commenced  soon  becomes 
choked  with  rubbish,  or  filled  with  ice  by  infiltration 
from   the  surface,  and   nothing  will   remain  but  a 
tradition  of  fabulous  wealth  having  once  been  found 
somewhere  on  such  and  such  a  mountain  by  the  old 
men ! 

Such  was  the  history  of  the  "  Upulungus  "  mine ; 


166 


The  Cerros  of  Famatina. 


[Oct 


but  the  early  workers  found  the  lode  so  rich  t 
they  penetrated  to  a  considerable  depth,  and  o 
ceased  working  when  they  found  the  gold-carry 
lode  change  into  something  they  knew  not  wl 
onlv  that  it  defied  their  efforts  at  extraction.     Sc 
of  this  was  cast  aside  on  a  rubbish-heap  as  worthl 
and  the  mine  abandoned;  and  it  was  only  aftei 
had  lain  idle  for  years  that  a  Chilian   miner, 
ploring  the  district,  was  struck  with  the  similai 
of  the  ore  to   some  he   had   known   in  Chili,  t 
testing  it,  found  it  contained  no  less  than  14 
cent,  copper,  with  50  ozs.  silver  and  1-J-  ozs.  gold 
ton,  which  is  now  the  average  yield  of  the  mine. 

The  composition  of  the  main  ore,  named  "  Fai 
tinita,"  which  when  pure  is  massive,  and  of  a  r 
grey  colour,  with  purplish  flush,  lost  on  exposure 
light,  is,  as  given  me  by  a  German  metallurgist : 


Silica 

•53 

Copper 

.    45^39 

Iron 

•28 

Zinc 

•60 

Arsenic 

.      4-03 

Antimony 

.     19-44 

Sulphur     . 

.    30-22 

This  change  of  what  are  superficially  purely  go 
rarrying  UhIcs  into  silver-bearing,  and  lower  into  ii 
pyrites,  and  then  copper-bearing  lodes  still  carryi 
^\\k\  aud  silver,  is  a  general  feature  of  the  district 
the  *•  Mejieana/'  which  is  the  most  elevated  at  whi 
mines  aiv  worked  in  the  Republic.  The  "Upulungi 
iniiu^  is  |.|,;UH")  feet  above  sea-level,  but  mines  are 
work  a  thousand  feet  higher. 
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Perhaps  the  best  way  to  realize  what  such  an 
elevation  means  may  be  gauged  by  the  fact  that  my 
host — ^a  Cornish  miner — ^took  twenty-six  hours  to 
cook  a  meat  pie,  or  that  I  could  plunge  my  fingers 
into  boiling  water  without  being  scalded.  Cats 
cannot  be  kept  alive  at  the  higher  mines,  nor  did 
I  see  vegetable  or  animal  life  of  any  kind  existing 
naturally.  Yet  after  a  few  days'  residence,  at  most, 
no  injurious  effects  result  from  the  rarity  of  the  air, 
and  the  miners  pursue  their  laborious  work  under- 
ground without  inconvenience,  as  well  as  the  heavy 
strain  of  bringing  the  ore  in  leathern  bags  on  their 
backs  up  inclined  shafts.  At  the  time  of  my  visit, 
mid-winter,  I  constantly  slept  out  in  the  open  air 
in  small  caves,  or  any  shelter  I  could  find,  with  the 
thermometer  down  to  4°  Fahrenheit,  and,  thanks  to 
the  dryness  of  the  climate,  suffered  no  inconvenience. 
I  may  mention,  incidentally,  that  in  one  of  these 
caves  I  found  the  nest  of  a  humming-bird,  at  an 
elevation  of  ten  thousand  feet;  and  at  the  same 
altitude  parrots — of  a  small,  hill-loving  variety — 
were  not  uncommon. 

It  is  somewhat  surprising,  at  such  an  elevation,  to 
come  across  extensive  beds  of  conglomerate,  ranging 
from  a  few  inches  to  thirty  feet  or  so  in  thickness ; 
yet  on  one  hill  several  beds  exist  one  above  the 
other,  and  both  the  beds  and  the  superficial  detritus 
on  the  hillside  contain  gold.  These  beds  would 
appear  to  be  the  result  of  a  double  action.  During 
fair  weather  a  stream,  heavily  charged  with  ferru- 
ginous matter,  flows  down  a  valley  until  it  reaches 
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the  plains  of  Famatina,  the  village  at  the  base.  In 
a  normal  condition  its  volume  is  not  considerable 
enough  to  move  stones  of  any  magnitude.  When, 
however,  a  storm  bursts  in  the  mountains,  of  that 
sharp  and  severe  character  peculiar  to  such  districts, 
each  hillside  along  the  route  sends  its  quota  into  the 
stream ;  but  the  storm  quickly  subsiding,  the  stones 
do  not  get  carried  suflBciently  far  to  be  worn  down, 
and  w^ith  the  cessation  of  the  storm  and  the  shrinking 
of  its  volume  to  a  normal  capacity  the  cementing 
action  of  the  water  again  comes  into  play.  The 
result  is  that  beds  of  conglomerate  are  formed  with- 
out the  stones  being  waterworn.  Whether  the  gold 
is  carried  mechanically  into  the  constantly-forming 
conglomerate,  or  whether  it  is  in  suspension  in  the 
ferruginous  water.  I  have  no  evidence  to  adduce.  It 
is,  however,  interesting  to  note  that  it  exists  in 
considerable  amount  not  only  in  these  exposed 
conglomerate  beds,  but  also  in  some  which  are 
almost  perpendicular,  enclosed  in  whitish  clay-slate 
walls ;  and  in  the  latter  instance  at  least  neither  the 
size  of  the  stones,  nor  the  consistence  nor  abundance 
of  the  agglutinizing  material,  forms  the  least  indi- 
cation of  its  quantity.  The  occurrence  of  auriferous 
conglomerate  as  reef  matter  can  only  be  the  result 
of  infiltration,  and  the  unworn  particles  of  rock  in 
the  conglomerate  so  formed,  which  are  precisely 
similar  to  the  surrounding  rocks,  point  to  their  de- 
position being  identically  the  same  as  that  of  similar 
rocks  in  the  neighbouring  stream.  The  richness  of 
these    perpendicular    auriferous    formations    is    con- 
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siderable,  a  mine  owner  having  recently  shipped 
off  several  tons  of  ore,  averaging  seven  and  a  half 
ounces  of  gold  per  ton ;  and  as  there  are  no  proofs 
that  the  formation  increases  or  diminishes  in  rich- 
ness at  a  greater  or  less  distance  from  the  surface, 
one  is  led  to  suppose  that  the  action  of  the  cementing 
material  must  be  rapid  and  continuous.  Gold  also 
occurs  in  the  same  mine  in  quartz,  where  through 
atmospheric  action  it  has  lost  all  the  sulphur  of  its 
mundic  near  the  surface,  and  now  lies  in  a  nearly 
horizontal  bed  in  powder.  At  greater  depth  it  is 
contained  in  pure  iron  pyrites  in  the  same  reef, 
and  this  on  becoming  charged  with  copper  becomes 
poorer  in  gold,  which  in  this  respect  diflFers  from  the 
reefs  in  the  district  generally. 

The  district  of  the  "  Mejicana "  is  one  full  of 
interest  to  the  geologist  and  mineralogist ;  but  as 
its  elevation  is  such  that  rapid  travelling,  either  on 
muleback  or  as  a  pedestrian,  is  impossible,  more 
time  is  necessary  for  investigating  its  interesting 
phenomena  than  I  was  able  to  spare.  The  other 
districts  of  the  "Famatina"  range  are  also  in- 
teresting. That  of  the  "Cerro  Negro"  abounds  in 
silver  veins,  often  of  almost  virgin  purity,  together 
with  sulphides,  antimonides,  and  arsenides  of  silver ; 
and  occasionally  fine  crystals  of  ruby  silver  ore  are 
met  with,  though  crystals  generally  are  rare.  So  rich, 
as  a  rule,  are  these  silver  lodes,  that  they  are  worked 
hy  drifts  alongside  the  lode,  which  are  driven  until 
a  considerable  area  of  the  lode  is  exposed,  when  it 
is  broken  on  to  sacks  in  the  presence  of  the  manager. 
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and  carried  into  a  place  of  safety  under  his  own  eye. 
As  a  rule,  the  ore  is  then  carefully  hand-picked,  and 
any  judged  to  contain  less  than  fifty  ounces  of  silver 
per  ton  rejected.     The  lodes  that  have  been  most 
worked  upon  can  be  traced  for  a  considerable  distance 
on  the  surface  by  pits  or  by  the  removal  of  the  whole 
lode,  which  is  sometimes  as  much  as  three  yards  'm 
thickness,  the  walls  usually  remaining  intact  without 
any  timbering.     The   gangue   superficially   consists 
largely  of  oxide  of  iron,  but  in  depth  carbonate  of 
iron,  a  little  blende,  and  quartz  occur;  galena,  so 
frequently  associated  with  silver  lodes,  being  con- 
spicuous by  its  absence.     It  is  somewhat  singular 
that  the  more  rugged  the  surface  of  the  mountain 
the  richer  the  lode ;  and  if  on  a  hillside  a  rock  juts 
out  from  its  d^i^-covered  slope,  the  lodes  under 
that  spot  are  usually  found  to  be  richer  than  where 
the  surface  is  an  unbroken  incline. 

That  these  lodes  are  at  times  exceedingly  rich 
may  be  judged  from  the  fact  that  in  breaking  down 
100  feet  of  lode  in  a  drift  six  and  a  half  feet  high, 
in  the  "Peregrina**  mine,  240,000  ounces  of  silver 
were  extracted ;  and  I  have  myself  seen  masses  of 
ore,  two  feet  long  by  one  wide,  and  from  four  to 
six  inches  thick,  broken  in  another  mine,  of  which 
75  per  cent,  of  the  weight  was  silver.  This  was  in 
an  adjoining  district,  known  as  the  "  Caldera,"  where 
the  silver  lodes,  running  more  or  less  east  and  west, 
change  their  metal  from  silver  into  gold  ;  and  from 
the  mine  in  question  I  have  obtained  lode  stufiF 
containing  both  pure  gold  and  pure  silver,  as  well 
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as  alloys  of  the  two,  in  the  same  stone.  In  one  of 
the  precipitous  valleys  singular  quartz  crystals  of  a 
small  size  are  met  with,  composed  entirely  of  double 
pyramids,  so  that  each  crystal  is  perfectly  sym- 
metrical and  complete.  They  are  found  in  the  bed 
of  a  stream,  and  show  signs  of  having  been  rubbed 
by  a  harder  stone  than  themselves,  though  I  am 
imaware  of  gems  occurring  in  the  district.  It  may, 
however,  safely  be  said  to  be  practically  unexplored, 
except  for  lodes  which  show  with  the  utmost  dis- 
tinctness over  large  hillsides,  where  their  outcrops 
are  visible  to  all. 

The  "  Caldera "  district  has  long  been  known  as 
exceedingly  rich,  two  natives  of  Aragon  having  dis- 
covered some  of  the  veins  about  the  beginning  of 
the  present  century.  They  kept  the  discovery  secret 
for  some  years,  until  one  went  home  with  a  large 
fortune ;  but  the  other  was  seized  by  the  natives 
and  shot,  in  the  hope  of  securing  his  treasure,  which 
is  supposed  still  to  lie  buried  in  the  hills. 

The  extent  and  similarity  of  the  metamorphosed 
clay-slates  over  large  areas  of  these  hills  is  singular, 
and  in  the  cursory  inspection  it  was  in  my  power  to 
make,  I  did  not  notice  any  change  in  the  country 
rock  that  could  account  for  the  presence  or  absence 
of  gold  or  silver  as  the  prevailing  metal  in  a  given 
lode.  Granitic  rocks  occur  in  places  chiefly  below 
the  higher  peaks,  and  in  one  district  these  appear 
to  be  associated  with  a  series  of  beds  of  brightly- 
coloured  sandstone  of  Carboniferous  age,  lying  on 
the  flanks  of  the  main  line  of  upheaval.     Although 
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at  considerably  lower  elevation  than  the  Cerros  I 
have  mentioned,  these  beds  of  sandstone,  which  are 
upheaved  almost  vertically,  share  with  the  hills  the 
remarkable  brightness  of  colour  whic^  is  so  charac- 
teristic on  the  rubble-covered  sides,  no  doubt  owing 
to  the  dryness  of  the  air  and  the  lightness  of  the 
rainfall,  which  is  inimical  to  vegetable  growth.     The 
effect  of  sudden  storms,  however,  is  apparent  in  the 
fantastic   denudation  which   has   cut   into   the  soft 
stone,  so  that  columns,  pyramids,  and  mushroom- 
like  forms,  coloured  by  bands  of  white,  red,  chocolate, 
and  yellow,  make  a  remarkably  vividly- tinted  ensemble 
over  a  considerable  area.     The  line  of  elevation  of 
this  series  of  beds  runs  north  and  south  for  several 
miles,  though  the  area  of  development  superficially 
varies,  from  being  only  represented  by  a  few  yards, 
or  even  locally  entirely  absent,  to  an  extension  of 
several  hundred  yards  in  width.      In  the  midst  of 
one  of  the  widest  spots  there  are  several  seams,  of 
distinctly  carbonaceous  matter,  that  may  prove  to  be 
a  coal  in  depth.     Considering  its  proximity  to  such 
a  rich  copper  and  silver-bearing  mountain,  this  dis- 
covery would  do  much  to  enhance  the  commercial 
value  of  the  district. 

The  absence  of  humidity  in  the  air,  coupled  with 
the  lightness  of  the  rainfall,  other  than  in  sudden 
storms,  rather  than  the  hardness  of  the  materials 
forming  these  hills,  has  prevented  the  production 
of  an  earthy  covering,  except  in  local  patches,  the 
hills  generally  being  but  little  altered,  except  by 
the   formation  of  the  coating  of  rubbly  stones   on 
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some  of  the  higher  slopes.  As  a  consequence,  the 
surrounding  valleys  are  to  a  great  extent  arid  deserts, 
filled  with  stones  brought  down  by  the  occasional 
storm-water,  and  only  producing  slow-growing  hard- 
wood trees  or  prickly  brushwood. 

It  is  striking  to  notice,  when  travelling  slowly  over 

them  on  muleback — the  usual  mode  of  progression — 

kow  extensively  and  how  uniformly  the  mountain 

debris  issuing  from  the   gorges  spreads  over   their 

surfaces,  extending  for  leagues  away  from  the  foot 

of  the  hills ;  and  to  note  how  powerful  is  the  effect 

of  the  occasional  torrents,  as  no  gradual  gradation  of 

the  stones  forming  the  detritus  lying  at  the  points 

most  distant  from  the  hills  is  perceptible.     At  the 

same  time  the  roundness  of  the  pebbles  and  boulders, 

as  well  as  their  amount  and  the  extent  of  ground 

over  which  they  are  spread,  point  to  the  long  ages 

that  have   passed   since   they   formed   part   of   the 

original   mountain   mass.     It   is   only  once  a  year, 

or  often  only  once   in   four   or   five   years,   that  a 

suflSciently  heavy  storm  alters  their  position  as  it 

sweeps  over  the  low  ground  with  irresistible,  though 

short-lived  force.     During  the  rest  of  the  year  the 

sky  is    cloudless,  the   light   granular   snows   falling 

during  the  winter  months  on  the  higher  peaks  melt 

gradually,  and  the  valleys  are  exempt  from  violent 

inundations.     Where  an  oasis  occurs,  as  around  the 

village  of  Famatina,  or  the  town  of  Chilecito,  and 

the  mountain  streams  are  distributed  carefully  over 

the  small  patches  of  soil,  its  fertility  is  great,  and 

the  vineyards  produce  wine  that  bears  a  high  repu- 
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tatioiL      European  cereals,   flowers,   and  vegetabl 
may  also  be  grown  in  perfection,  and  the  climate 
unsurpassed  for  health. 

A  railway  connecting  Chilecito  with  Buenos  Ayr 
and  the  chief  ports  of  the  Republic  is  now  in  cour 
of  construction,  so  that  this  district,  which  for  i 
area  will  probably  be  found  to  be  one  of  the  riche 
in  mineral  treasures  in  the  world,  will  soon  share  : 
that  wave  of  material  prosperity  which  is  spreadir 
with  an  ever-increasing  force  throughout  this  portic 
of  the  South  American  continent. 
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Names  of  Honorary  IfemherSf  Life  Members,  and,  AssociaU 

Addresses  are  unknown. 


John  F.  Cunningham,  f.o.s.        |  Thomas  Hawkins,  f 

Hall,  R.T.      I      Phillips,  John.      |       Thomas,  StepL 


The  Secretary  requests  ike  favour  of  his  being  informed  of  any  ti 

in  the  foregoing  lists. 


THE 

MXIVERSARY  ADDRESS  OF  THE  PRESIDENT, 

SIR  WARINGTON  SMYTH,  F.R.S., 
To  the  General  Meeting^  Id  November,  1889, 


h  passing  nnder  review  at  the  end  of  another  year  the  condition 

of  jonr  Society,  we  may  feel  thankful  that  the  number  of  our 

ordinary  Members  has  about  kept  to  the  average.     We  find  also 

that  your  collection   of    minerals  has  received  some  accessions 

without  resorting  to  purchase,  and  that  it  is  now  in  a  decidedly 

better  position  as  regards  orderly  arrangement  and  labelling  than 

it  was  a  twelvemonth  ago.     Your  officers  have  reason  to  believe 

that  it  has  been  more  generally  useful  and  interesting  to  the  public 

than  might  appear  from  the  record  of  names  in  the  visitors'  book, 

as  it  seems  that  many  of   the  strangers  who  look  through  the 

rooms  omit  to  inscribe  their  names  and  addresses. 

The  Library  is  yearly  increasing  in  value,  and  now  offers  so 
large  a  store  of  literature  on  geology  and  kindred  subjects,  that 
it  may  be  held  fairly  to  compete  with  the  similar  institutions 
of  fdx  more  populous  placea 

And  again  I  may  refer  to  the  large  collections  of  rock  specimens, 
carefully  selected  and  presented  by  several  of  the  most  eminent 
of  the  founders  and  fathers  of  your  Society,  for  the  special  illus- 
tration of  the  stony  structure  of  Cornwall.  These  specimens  are, 
in  hundreds,  placed  on  your  shelves,  where  they  have  remained 
for  years  in  what  I  fear  may  be  called  a  somewhat  inanimate 
aeries.  Individually  they  may  not  be  much  to  look  at,  and 
would  be  of  small  interest,  unless  examined  in  relation  to  their 
neighbours,  and  to  the  views  held  by  enquirers  as  to  the  different 
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intervals  of  time,  in  the  filling  of  the  nme  lode^  and  that  not 
nnfreqnentlj  similar  action  has  been  repeated. 

And  again,  it  has  to  be  remembered  that  the  minenJs  oonstitalr 
ing  the  lodes,  in  whatever  manner  they  weie  first  deposited,  havo 
in  the  majority  of  instances  been  profoundly  affected  by  changM 
proceeding  downwards  from  the  eaiSace,  Hence  a  Teiy  much 
greater  complexity  may  exist  than  would  be  infaned  firom  a  bsM 
enumeration  of  the  methods  suggested. 

Although  the  observant  miners  of  the  last  century  had  their 
notions  of  ''water  charged  with  mineral  salts,  or  particles  con- 
tinually passing  through  a  vein,"  *  adding  to  its  valuable  contents, 
it  may  be  said  that  this  view  rested  on  no  sufiiciently  jmyved 
grounds  until  the  joint  labours  of  a  succession  of  mineral  chemistB, 
including  especially  Dr.  Gustav  Bischof,  of  Bonn ;  Foichhammei^  of 
Copenhagen ;  and  M^L  Daubree,  Senarmont,  and  Ebelmen ;  aided 
by  the  lucid  comparisons  of  £lie  de  Beaumont,  on  the  contents  of 
thermal  springs  and  mineral  veins,  had  shown  how  all,  or  veiy 
nearly  all,  the  minerals  found  in  the  crystalline  state  in  the  latter 
are  capable  of  being  dissolved  in  those  waters,  and  of  thus  being 
conveyed  into  the  lodes  by  the  processes  b — 1st  and  2nd, — e,  and 
perhaps  c. 

That  6,  or  Lateral  Secretion,  may  act  to  some  distance,  and  at 
times  on  large  quantities  of  material,  can  be  shown  more  particii- 
larly  from  the  '*  spars ''  or  non-metallic  matrix  or  vein  stuff  seen  to 
vary  with  the  country  rock.  But,  carried  to  an  extreme,  the 
theory,   although   backed  by  some  good  names,   has  met  wi^ 

sturdy  opponents.     This  view,  indeed,  extending  to  the  derivation 

• 

of  the  metallic  minerals  from  the  adjoining  country,  has,  years 
ago,  been  treated  with  great  force,  if  not  with  perfect  success, 
by  Mr.  Wallace,  for  the  lead  ore  and  associated  minerals  in  the 
mines  of  Cumberland  and  Northumberland,!  where  the  different 
enrichment  of  the  veins,  as  they  cut  through  successive  stmts  of 
limestone,  grit,  and  shale,  has  been  noticed  for  generations.    Bat 


•  Dr.  Pryce,  "Mineralogia  Comubiensis,"  1778. 

t  Wallace,   "The  Laws  which  Regulate  the  Deposition  of  Lead  Ore  in 
Veins,  1861." 
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Heiiirich  Tcm  Dechen,  the  late  Oberberghanptmann  or  chief 
mming  officer  of   Prussia,  was  for  many  years  past  perhaps  the 
most  prominent  geological  figure  in  the  literary  and  scientific 
world    Bom  at  Berlin  in  the  year  1800,  of  a  family  long  devoted 
to  the  sendee  of   the  State,  he  elected  in  his  early  youth  to 
enter  tiie  mining  department,  and  although  for  a  time  resident  in 
Beriin,  and  yisiting  every  part  of  the  monarchy,  occupied  the 
gmter  part  of  his  life  in  the  Rhine  provinces,  making  Bonn  his 
chief  abode.     Tour  President  will  be  justified  in  dwelling  at 
greater  length  than  usual  on  the  career  of  this  remarkable  man, 
fiom  his  having  had  the  advantage  of  making  the  acquaintance 
of  Yon  Dechen  as  long  ago  as  1840,  when  that  experienced 
geologist  and  able  mining  official  formed   one  of  the  brilliant 
gilaxy  of    scientific  men  resident  in  the  Prussian   metropolis, 
among  whom  Yon  Humboldt  and  Yon  Buch — those  princes  of 
geologistfi,  Mitscherlich  and  the  brothers  Kose,  the  eminent  chemists, 
with  a  gproup  of  others  distinguished  in  various  branches  of  science, 
used  to  meet  on  the  most  friendly  terms.     It  was  a  curious  con- 
trast to  meet  him  nearly  thirty  years  afterwards,  when  alieady  in 
the  sere  and  yellow  leaf,  at  the  exhibition  at  Paris,  attended,  as  it 
were,  by  a  staff  of  German  and  French  admirers,  bedecked  with 
numerous  orders,  and  acknowledged  to  be  the  chief  of  those  special 
hranchee  of  knowledge  in  which  he  had  proved  himself  to  be  so 
practical  and  successful  a  worker. 

There  is  another  reason  too  why  the  memory  of  our  deceased 
associate  should  be  recalled  to  the  Society.  It  is,  that  a  few 
years  after  his  venturing,  in  1822,  on  his  first  descriptive  paper, 
modestly  put  forward  without  his  name,  Yon  Dechen,  inspired  by 
the  early  volumes  of  our  Transact ionSy  cast  his  eyes  on  this  south- 
western extremity  of  Great  Britain  as  the  locality  likely  to  afford 
him  a  satisfactory  field  for  the  investigation  of  certain  geological 
problems;  and  coming  over  to  England  with  his  friend  and 
colleague  Yon  CEynbausen  (an  engineer  well  known  for  his 
improvements  in  deep  boring),  he  passed  a  considerable  time  in 
exploring  the  county.  A  summary  of  their  observations  was 
given  in  the  English  language  by  Von  Dechen,  in  the  Philosophical 
Magazine  for  1829,  where  he  writes:   ''Being  in  Cornwall,  we 
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have  paid  great  attention  to  inform  ourselves  aboat  the  position 
of  the  granite  and  the  kiUas  (argillaceous  skte,  hornblende  skte, 
greenstone),  never  before  this  time  having  an  opportunity  of 
seeing  so  much  of  the  junction  between  these  rocks  as  the 
romantic  clififs  of  this  county  show."  Elaborate  descriptions 
were  given  of  many  of  the  most  notable  points  of  interest,  such 
as  Cligga  Head,  St  Agnes  Beacon,  Tolpedn,  St.  Michael's  Mounts 
and  the  Lizard,  illustrated  with  numerous  sketches;  and  they 
have  since  been  frequently  referred  to  by  subsequent  writers, 
especially  Sir  H.  De  la  Beche,  and  Mr.  W.  J.  Henwood. 

One  prime  object  of  Yon  Dechen's  ambition  was,  in  those 
very  early  days  of  geological  mapping,  to  construct  a  duly  accurate 
and  large-scale  map  of  Westphalia  and  the  Rhine  provinces ;  and 
the  execution  of  this  work,  much  interfered  with  for  years  by 
official  duties,  commanded  the  admiration  of  all  scientific  Europe. 

But  in  the  meanwhile  his  energy  and  perseverance  were  dis- 
played in  other  directions;  besides  acting  as  responsible  editor 
of  certain  German  scientific  periodicals,  he  foimd  time  amid  his 
official  duties  to  contribute  a  vast  number  of  communications  on 
subjects  more  or  less  akin  to  geology,  to  edit  the  excellent  travels 
of  Frederic  Hofmann  in  Italy  and  Sicily,  and  to  put  together  most 
valuable  statistical  accounts  of  the  mineral  wealth  of  Ctermany. 
Some  idea  may  be  formed  of  the  literary  activity  of  our  late 
Honorary  Member  when  we  look  down  the  recently  published  list 
of  his  various  books  and  descriptive  papers,  amounting  to  upwards 
of  three  hundred.  ^ 

Of  the  various  topics  coming  within  the  purview  of  the  Eoyal 
Geolo<;ical  Society  of  Cornwall,  none  has  more  deservedly  claimed 
the  interest  of  the  members  than  those  connected  with  the 
formation  and  general  character  of  the  lodes  or  mineral  veins; 
and  it  is  only  through  a  long  succession  of  observers  that  we  have 
obtained  on  some  points  of  fact  clear  ideas,  whilst  other  branches 
of  the  subject  still  remain  in  a  very  nebulous  state.  Especially  is 
this  the  case  with  regard  to  the  infilling  and  the  wealth  of  certain 
veins  or  parts  of  them,  and  to  the  theories  by  which  it  has  been 
sought  to  explain  the  phenomena.  It  is  idle  to  reject  the  examination 
of  such  theories,  inasmuch  as  every  rational  miner  must  necessarily, 
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as  a  sine  qua  notij  meditate  on  the  comparative  poverty  or  riches  of 

his  lode  under  varying  conditions ;  and  when  he  has  once  learned 

to  see  that  the  phenomena  exhihit  certain  steps  of  causation,  he 

cannot  but  form  some  sort  of  h3rpothesiB  as  to  how  those  steps 

came  about 

It  is  claimed  for  the  philosophic  induction  of  Descartes  that  he 
piobahly  first  announced  that  the  jftlons  or  lodes  were  accumula- 
tbns  of  metallic  ores  collected  in  fissures  or  cracks ;  and  there  is 
no  doubt  that  our  Cornish  authors,  Dr.  Borlase  and  Dr.  Pryce, 
soon  after  the  middle  of  the  last  century,  held  the  same  view,  and 
wrote  boldly  of  the  lodes  as  fissures.  This  part  of  the  subject 
need  not  therefore  be  touched ;  but  the  other  and  more  debateable 
part  of  the  question,  so  fiEur  as  its  chemistry  goes,  has  within  the 
last  few  years  been  discussed  in  so  determined  and  vigorous  a 
ftahion  that  it  is  fitting  some  outline  of  the  controversy  should  be 
hoaght  to  your  notice. 

Every  reader  on  these  matters  is  aware  of  the  numerous 
hypotheses  that  have  been  framed  to  explain  the  infilling  of 
mineral  lodes  with  their  ever-varying  contents.  There  is,  by  the 
way,  strong  practical  inducement  to  search  out  the  truth,  for  the 
discoverer  of  the  real  secret  would  make  the  fortune  of  himself  and 
lus  frienda  The  following  are  the  chief  explanations  that  have 
been  offered : 

(a)  Mechanical  action,  as  the  breaking  up  of  already  con- 

solidated material,  and  such  as  is  abundantly  shown  in 
breccias  and  clays,  or  flucans. 

(b)  Infiltration,   by  passage  of  mineral   waters,   perhaps   at 

high  temperatures  and  under  great  pressure — Ist,  from 
above ;  2nd,  firom  below. 
{e)  Sublimation,  akin  to  what  we  see  in  volcanic  craters. 

(d)  Injection,  in  a  heated  or  more  or  less  liquid  state ;  dykes. 

(e)  Lateral  segregation.  (Secretion.) 

(/)  Metamorphism,  usually  applying  to  the  walls  or  sides  of 
lodes. 

There  can  be  little  doubt  that  in  many  cases  two  or  three,  or 
even  more,  of  these  processes  have  aided,  and  sometimes  at  long 
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intervalB  of  time,  in  the  filling  of  the  same  lode,  and  that  not 
nnfrequently  similar  action  has  been  repeated. 

And  again,  it  has  to  be  remembered  that  the  minerals  constitatr 
ing  the  lodes,  in  whatever  manner  thej  were  first  deposited,  have 
in  the  majority  of  instances  been  profoimdlj  affected  by  changes 
proceeding  downwards  from  the  snrfM^a  Hence  a  Tery  mnch 
greater  complexity  may  exist  than  wonld  be  inferred  firom  a  bald 
enumeration  of  the  methods  suggested. 

Although  the  observant  miners  of  the  last  century  had  their 
notions  of  ''water  charged  with  mineral  salts,  or  particles  con- 
tinually passing  through  a  vein,"  *  adding  to  its  valuable  contents, 
it  may  be  said  that  this  view  rested  on  no  sufiiciently  proved 
grounds  until  the  joint  labours  of  a  succession  of  mineral  chemists, 
including  especially  Dr.  Gustav  Bischof,  of  Bonn;  Forchhammer;  of 
Copenhagen ;  and  MM.  Daubr6e,  Senarmont,  and  Ebelmen ;  aided 
by  the  lucid  comparisons  of  Elie  de  Beaumont,  on  the  contents  of 
thermal  springs  and  mineral  veins,  had  shown  how  all,  or  very 
nearly  all,  the  minerals  found  in  the  crystalline  state  in  the  latter 
are  capable  of  being  dissolved  in  those  waters,  and  of  thus  being 
conveyed  into  the  lodes  by  the  processes  b — Ist  and  2nd, — e,  and 
perhaps  e. 

That  e,  or  Lateral  Secretion,  may  act  to  some  distance,  and  at 
times  on  large  quantities  of  material,  can  be  shown  more  particu- 
larly from  the  '*  spars  "  or  non-metallic  matrix  or  vein  stuff  seen  to 
vary  with  the  country  rock.  But,  carried  to  an  extreme,  the 
theory,  although  backed  by  some  good  names,  has  met  with 
sturdy  opponents.  This  view,  indeed,  extending  to  the  derivation 
of  the  metallic  minerals  from  the  adjoining  country,  has,  years 
ago,  been  treated  with  great  force,  if  not  with  perfect  success, 
by  Mr.  Wallace,  for  the  lead  ore  and  associated  minerals  in  the 
mines  of  Cumberland  and  Northumberland,!  where  the  different 
enrichment  of  the  veins,  as  they  cut  through  successive  strata  of 
limestone,  grit,  and  shale,  has  been  noticed  for  generations.     But 

•  Dr.  Pryoe,  "Mineralogia  Cornubiensis,"  1778. 

t  Wallace,  "Tho  Laws  which  Regulate  the  Deposition  of  Lead  Ore  in 
Veins,  1861." 
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after  ▼Brions  enquiries  in  the  same  direction  by  Breithanpt  and 

Gostav  BiBchof,  Professor  Fridolin  von  Sandberger,  in  1877,  took 

a  fiutber  step  by  propounding  his  theory,  that  not  only  the  sparry 

matrix,  but  also  the  ores,  or  varions  combinations  of  metals  with 

solphnr,  arsenic,  and  antimony,  are  derived  from  the  original 

nlieates  which  formed  a  chief  part  of  the  crystalline  and  schistose 

10^  of  the  granite  and  gneiss  group,  as  well  as  of  the  emptiye 

rocks  of  all  geological  periods.      There  appears  to  have  been 

lomething  captivating  in  the  directness  and  simplicity  of  the 

amrtion;   for  some  of  the  supporters  of  these  views  have  not 

flinched  from  regarding  them  as  of  high  national  importance, 

reeommending  the  chemical  analysis  of  such  silicates  to  be  the 

fint  step  in  exploring  a  country  for  mines,   and  even  suggesting 

that  the  stowing  away  the  deads  or  ''attle"  underground  is  a 

mistake,  inasmuch  as  free  space  ought  to  be  left  in  the  workings 

to  admit  of  the  waters  bringing  in  more  of  their  precious  freight 

It  was   principally  in  South   Western  Germany,  and  then  in 

Saxony  and  Bohemia,  that  the  examples  were  taken  of  the  lodes 

in  which  metallic  minerals  are  worked,  of  which  some  at  least  of 

the  elementary  metals  contained  were  proved  by  the  analyst  to 

exist  (we  need  scarcely  say  in  very  minute   proportion)  in  the 

micas,  the  augites,  and  the  hornblendes  present  in  the  crystalline 

rocks.     In  all  these  districts  there  are  either  granites  and  gneiss 

« 

present,  or  intrusions  of  basic  igneous  rocks.  The  silicated 
minerals  are  supposed  to  have  been  decomposed  in  place,  and 
then  to  have  been  conveyed  by  the  circulating  waters  through 
small  channels,  or  even  through  the  pores  of  the  rock-masses,  to 
be  deposited  in  the  receptacles  kept  open  during  long  ages  for 
their  gradual  accretion. 

A  spirited  controversy  has  arisen,  which  is  apparently  far  from 
completed.  There  is  a  chemical  side,  and  there  is  a  geological  and 
mining  side,  of  the  question;  and  in  some  few  instances  it  has 
been  sought  to  get  evidence  from  both. 

Ton  are  probably  aware  that  the  deepest  group  of  mines  in  the 
world  is  that  of  Przibram,  in  Central  Bohemia.  It  is  also  one  of 
the  most  scientifically  managed ;  and  the  Ministry  of  Agriculture, 
under  which  the  mining  department  of  Austria  is  placed,  appointed 
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%  c\numittee  to  experiment  on  the  subject,  not  omitting  to  include 
with  them  Professor  von  Sandberger. 

In  1887  a  report  was  published,  giving  the  result  of  several 
yt«rs'  chemical  work  ;*  but  with  the  various  ways  in  which  these 
nMults  may  be  read,  it  would  seem  that 

"A  man  convinoed  against  his  will 
Is  of  the  same  opinion  stilL" 

And  Professor  von  Sandberger,  since  it  was  confirmed  that  a 
minute  portion  of  silver  exists  both  in  the  sedimentary  rocks  and 
in  the  greenstones  or  diabase  dykes  which  intersect  them,  adheres 
to  his  view,  though  most  decidedly  opposed  by  my  old  fellow- 
student,  the  well  known  metallurgist  Adolf  Patera,  and  others 
who  were  engaged  in  the  enquiry. 

When,  in  the  neighbourhood  of  a  vein  you  find  strings  and 
specks  of  some  of  the  ores  which  it  contains  in  bulk,  some  miners 
will  not  hesitate  to  look  upon  them  as  "  feeders,"  or  contributors  to 
the  vein  which  come  in  from  the  "  country."  Others  will  rather 
look  upon  them  as  impregnations  from  the  lode;  and  in  many 
cases  we  have  effects  of  this  latter  kind  so  clearly  exhibited,  that 
the  term  "  vein  influence "  is  common  among  the  lead  miners  of 
the  North,  to  signify  the  silicification  and  partial  metallic  impregna- 
tion often  extended  some  little  way  outside  the  walls.  But  in 
testing  the  truth  of  Sandberger's  view  it  was  necessary  to  eliminate 
from  the  specimens  analyzed  any  sulphides,  like  galena,  blende, 
and  pyrites,  which  might  be  either  of  original  deposition  as  such, 
or  which  are  so  often  found  in  mineral  districts  to  be  deposited  as 
impregnation  produced  during  or  even  since  the  formation  of  the 
actual  lode. 

Upon  this  point  a  sharp  conflict  has  taken  place  between  the 
chief  8upiK)rter  of  the  theory  and  his  critics,  as  to  the  sufficiency 
of  the  methods  adopted  for  excluding  these  compounds  of  sulphur ; 
seeing  that,  according  to  his  view,  the  metal-bearing  molecules 
were  to  be  leached  out  and  conveyed  from  the  place  of  decom- 
pikiition  of  the  silicates  to  their  home  in  the  lodes,  where  they 

*  Hitter  von  Kri^te,  Untersuchuugen,  &c.  Oest  Zeitschrift  t  Beig-und 
lluttvu-w«  xxxv«  No.  20, 
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were  to  meet  with  sulphur,  arsenic,  and  antimony,  and  were  then 
to  be  fixed  as  new  compounds.  Where  the  sulphur  was  to  come 
from,  if  we  exclude  the  action  of  deep-seated  thermal  waters, 
lemtins  a  mystery. 

To  illustrate  a  very  remarkable  piece  of  mining  topography,  I 
I^ioe  before  you  an  enlarged  drawing  of  plan  and  section  of  part 
of  the  Przibram  mines,  in  which  you  will  see  how  the  occur- 
xence  of  the  diabase  dykes,  repeated  with  some  modifications  at 
Joachimsthal,  in  North  Bohemia,  and  in  the  Shelve  lead-mine 
distnct  in  Shropshire,  very  probably  contributed  in  one  way 
or  other  to  the  formation  and  enriching  of  lodes,  but  not,  as  I 
Tontare  to  think,  in  the  manner  indicated  by  Yon  Sandbeiger. 

The  mines  themselves  are  fully  explored  (but  not  exploited)  to 
the  depth  of  550  fathoms,  and  are  noted  no  less  for  the  large  pro- 
duction of  silver  and  of  lead  ores  than  for  the  great  variety  and 
perfect  crystallization  of  the  minerals  occurring  there.     The  lodes 
themselves  are  generally  large,  often  one  to  two  fathoms  wide,  and 
beantifally  banded,  and  are  accompanied  both  on  strike  and  dip 
hj  the  greenstone  dykes.     Twenty-five  samples  of    the  various 
country  rocks  at  some  distance  from  the  lodes  were  assayed,  and 
twenty-four  of   them  found  to  contain  a  minute  proportion  of 
silver.*     But  all  these  rocks  appear  to  have  held  disseminated 
pyrites,  and  may  be  presumed  to  have  contained  particles  of  oth^ 
sulphidea     Further  examinations  were  made  in  which  the  prin- 
ciple adopted  was  to  exclude  all  these,  so  as  ultimately  to  get    «^ 
the  silicates  pure,  and  so  bring  to  the  test  the  theory  put  forth 
years  ago  by  Forchhammer,  but  now  brought  out  in  a  specious 
form  and  zealously  advanced  by  Von  Sandberger.     It  would 
out  of  place  to  occupy  you  with  details  of  the  results.     The  mai 
question  came  to  be,  Where  did  that  silver  come  from )    Was  it 
really  from  the  silicates,  or  was  it  an  impregnation  from,  or  con- 
nected with,  the  lodes  themselves )    Yon  Sandberger  was  satisfied 
that  by  means  of  acids  and  microscopic  examination  he  had  puiged 
his  silicates  of  all  the  other  sources  of  the  heavy  metals,  and  thus 


*  Heir  Mann's  assays  gave  an  average  of  0*00043  per  cent,  for  the  stratified 
rocks,  and  of  0*00045  for  the  igneous  or  massive. 
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that  his  assertions  were  justified.  His  opponents  nige  most  dis- 
tinctly that  the  chemical  processes  were  insufficient  to  satisfy  tk 
reqairements,  and  hence  that  his  conclusion  remains  not  proTOL 
It  is  interesting  to  learn  &om  Professor  Stekner,  of  Freibeig  (whcne 
elaborate  papers  treat  the  whole  matter  in  detail),*  that  the  qii»- 
tion  13  not  to  be  allowed  to  slumber,  but  is  to  be  further  examined 
by  a  Commission,  composed  of  some  of  the  most  ezpezienoed 
officials  of  the  Saxon  seat  of  mining  science. 

In  the  meanwhile,  conscious  of  the  difficulties  attending  the 
delicate  processes  of  dealing  chemically .  with  the  almost  infinit- 
esimal quantities  which  are  brought  into  these  discussions,  we 
are  tempted  to  extend  our  gaze  beyond  the  laboratory,  experiments, 
and  look  upon  some  of  the  larger  and  anyway  more  recognizable 
features  of  the  case,  as  applicable  to  our  own  neighbourhood. 
First  of  all  I  believe  it  may  be  safely  held  that  the  theoretieal 
views  on  the  origin  of  the  tin  deposits  presented  by  M.  Danbt^ 
are  far  more  worthy  of  acceptation  than  any  other  hypothesiB  that 
has  been  brought  forward,  and  therefore  that  reference  to  this 
important  mineral  might  almost  be  omitted,  except  to  remind  yon 
that  its  occurrence  is  inextricably  mixed  up  with  compounds  of 
other  metals  with  sulphur  and  arsenic.  You  can  refer  to  a  brief 
exposition  of  these  views  given  by  our  sometime  curator.  Dr.  I^ 
Neve  Foster,  in  his  account  in  your  Transactions,  of  that  extra- 
ordinary little  mine  of  East  Lovell.  t 

In  this  county  the  adherents  of  Von  Sandberger  could  hardly 
make  capital  out  of  the  greenstones  (diabase  or  diorite),  as  they 
are  scarcely  ever  to  be  seen  in  the  form  of  dykes,  and  are  perhaps 
most  abundant  in  some  parts  of  the  county  where  there  is  little 
or  no  mining.  If  we  were  in  the  Isle  of  Man  we  might  be 
incited  by  the  strange  intrusions  of  dolerite  which  have  of  late 
years  been  seen  to  pierce  their  way  into  the  Central  Foxdale, 
Rushen,  and  Bradda  mines,  but  which  the  miners  are  at  present 
hardly  inclined  to  lock  upon  as  benefactors. 

The  first  objection  that  strikes  one  is  the  overpowering  contrast 

*  See  A.   W.   Stelzner,   Die  lateral  Secretions-Theorie,   &c,   Beig-ond 
Hiittenmanniscbes  Jahrbuch  der  k.  k.  Bergakademien.    Wien,  1889. 
t  Trans.  Royal  Oeol,  Soc.  Comxoall,  vol.  iz.  p.  174. 
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iMiween  the  vast  masses  of  mineral  stored  in  the  lodes  and  the 
pony  soorcee  of  the  theoretical  supply.  See  a  lode  like  that  of 
the  Clifibid  Amalgamated,  sixteen  or  eighteen  feet  wide,  of  cindery 
eo^er  pyrites  from  wall  to  wall,  or  the  thirty  or  forty  feet  wide 
o!  dredgy  copper  ore  in  the  hest  parts  of  the  Devon  Consols, 
or  the  massiTe  dimensions  of  the  lode  at  Dolcoath,  now  at  four 
kimdied  fathoms  deep  larger  than  ever,  or  again  the  courses  of 
aQM  ciystaUine  galena  which  have  occurred  in  several  of  our  more 
notohle  lead  mines,  yielding  from  five  to  ten  tons  to  the  running 
lithom;  and  such  occurrences  seem  to  be  inexplicable  by  the 
process  alleged. 

Again  look  at  a  rich  part  of  our  mining  field,  at  a  belt  of  kiUas 
lock  extending  over  eight  miles  from  Cligga  Head  to  the  south  of 
Gwennap  parish.  In  that  space  there  are  about  a  himdred  parallel 
lodes,  at  one  time  a  hundred  more  or  less  gaping  fissures ;  and  if 
these  are  to  be  filled  up  by  lateral  segregation  from  the  silicate 
Binarals  in  the  coimtry  rock,  it  will  go  very  hard  with  the  long, 
ainow  slices  of  rock  between  the  successive  East  and  West  veins 
to  make  up  a  sufficient  quantity. 

Furthermore,  let  us  analyze  some  of  these  lodes  according  to 
their  strike  and  underlay.  Take  the  St.  Agnes  district,  all  the 
veins  ninning  on  parallel  courses,  east  and  west ;  but  those  which 
dip  north,  and  at  a  low  angle,  being  productive  of  tin,  whilst  those 
which  dip  south  (so-called  gossans)  carry  iron  or  copper  pyrites. 
We  know  very  well  that  other  circumstances  show  that  the  second 
series  were  produced  subsequently  to  the  first ;  but  as  both  kinds 
intersect  the  same  mass  of  clay-slate  strata,  we  should  expect  that, 
if  the  sources  were  the  same  in  both  cases,  the  minerals  would  be 
of  the  same  character,  and  could  never  exhibit  so  decided  a 
eontrasi 

Again,  at  East  Budnick  we  have  an  east  and  west  tin  lode ;  and 
about  a  dozen  fathoms  from  it  a  similarly-coursing  lode  producing 
lead  and  zinc  ores.  They  may  probably  be  set  down  to  different 
ages;  but  there  will  still  be  a  difficulty  about  extracting  the 
contrasting  minerals  from  the  same  parent  rock.  A  little  to  the 
west  of  this,  Mr.  Henwood  described,  about  fifty  years  ago,  the 

remarkable  occurrence  of  a  rich   ''bunch"  at  Wheal  Budnick, 

p  2 
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which  illustratee  the  effects  of  rektiye  age  on  the  two  groups  of 
minerals.  At  the  forty-four  fathom  level  ''an  enormons  mass  of 
▼ery  rich  oxide  of  tin  accompanied  the  lead  lode  for  several 
fathoms  in  length,  hreadth,  and  height  It  was  of  very  ixr^golar 
form,  and  stood  on  both  sides  of  the  lead  lode."  * 

In  the  same  category  comes  the  contrast,  which  no  district 
illustrates  more  distinctly  than  Cornwall  and  Devon,  of  the  group 
of  minerals  afforded  by  the  veins  which  run  more  or  less  east  and 
west,  and  those  which  belong  to  the  transverse  direction.  Unless 
we  have  recourse  to  some  processes  of  a  deep-seated  kind,  and 
more  varied  than  the  ''  leaching "  out  of  substances  derived  from 
decomposed  silicates,  we  shall  find  it  difficult  to  account  for  the 
prevalence  of  the  tin  and  copper  ores  of  the  first,  and  the  presence 
of  silver-lead,  iron  ores,  and  occasionally  cobalt  and  other  rare 
substances  in  cross-veins. 

Another  feature  which  is  very  marked  in  several  at  least 
of  our  most  remarkable  lodes  is  the  succession  of  distinct 
zones  of  minerals  differing  from  one  another  as  we  reach 
greater  depths.  Everyone  is  aware  of  the  pertinacity  with 
which  the  unchanging  tinstone  or  cassiterite  has  maintained  its 
position  in  the  shallower  portions  of  lodes  whence  the  ores  of 
copper  or  lead  have  been  changed  and  removed  by  natural  action. 
Then,  after  the  long-continued  working  of  the  tin  in  shallow 
levels,  the  copper  (speaking  especially  of  our  western  counties)  has 
become  the  principal  if  not  the  exclusive  ore ;  and  again,  at  150 
to  250  f&thoms  depth  the  tin  ore  has  come  in  again  in  rich 
abundance,  and  has  continued  to  the  greatest  depth  attained,  t  It 
is  difficult  without  actual  inspection  to  feel  confident  that  these 
changes  have  been  so  trenchant,  and  that  the  richest  copper  lode 
(Dolcoath)  in  the  county  in  1840  should  at  greater  depth  in  1888 


•  Trans,  Royal  OeoL  Soc,  Comtoall,  vol.  v.  table  Ixxxiii. 

t  We  cannot,  with  our  present  experience,  go  far  with  the  dicta  of  Dr. 
Pryce:  '*  Though  the  depth  of  Fissure  is  unlimited  beyond  the  power  of 
man  to  follow  after,  yet  it  appears  in  general  that  their  firuitfulness  for 
metal  is  distinct  and  limited.  The  richest  state  for  copper  is  between  forty 
and  eighty  fathoms  deep,  and  for  tin  between  twenty  and  sixty." — W.  Pbtcb, 
1778,  p.  79. 
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\»  the  richest  tin  lode,  with  a  production  of  no  less  than  2239 
tons  of  black  tin  in  the  year.  It  seems  to  me  that  no  leaching 
oat  of  metallic  mineral  from  the  country  waUs  will  elucidate  the 
problem,  bat  that  we  are  nearer  its  solution  by  invoking  the  aid  of 
tlivmal  waters,  and  of  the  elements  fluorine  and  boron,  which 
Danlffie  has  long  since  shown  us  to  be  so  intimately  connected 
with  the  intrusions  of  granite. 

iuuJly,  how  are  we  to  cope  with  those  districts  in  which  we 
find  little  or  no  mica,  no  augites,  or  hornblendes — the  large  areas, 
for  instance,  of  clay-slate  in  central  Wales,  where  we  have  no 
gnmitic  contacts,  and  no  intrusions  of  igneous  dykes,  and  yet 
aooies  of  well-developed  lodes,  many  of  them  exceedingly  pro- 
doctive  of  lead  ores,  often  rich  in  silver ) 

Allow  me,  in  conclusion,   very  briefly  to  advert  to  another 

subject  of  much  interest  in  this  county.     It  is  the  investigation  of 

the  involved  and   beautiful   rocks  of   Meneage   or   the  Lizard 

promontory.    We  have  to-day  two  communications  on  the  subject ; 

and  to  those  who  have  not  yet  seen  the  August  number  of  the 

Quarterly  Journal  of  the  Geological  Society^  I  would  recommend 

the  perusal  of  a  paper  read  in  May  last  by  Majoi^General  McMahon, 

7.0.8.  *    This  officer,  of  long  geological  experience  in  India,  has 

paid  repeated  visits  to  the  district,  and  in  his  description  gives  a 

iiur  and  readable  summary  of  papers  by  previous  authors.     His 

own  observations  on  the  microscopic  characters  of  the  hornblende 

schist  and  the  granulite  group  are  extremely  elaborate,  and  deserve 

to  be  carefully  pondered  by  every  Cornish  investigator  of  the  rocks 

of  that  charming  region. 

*  Quart,  Joum.  GeoL  Soc,  London^  vol.  xlv.  p.  519. 
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lb  specimens  presented  to  your  Museum  during  the  past  twelve 
are  less  numerous  than  usuaL     They  are  arranged  upon 
tahle  before  you,   together  with  a  few  which  have  been 
porchased.      Some  of  these  are  of  particular  interest,  and  the 
fieport  of  your  Curators  will  inform  you  with  regard  to  them  in 
detail 

The  usual  additions  have  been  made  to  the  Library ;  and  some 
Tahiable  donations  from  authors  of  eminence  will  call  for  special 
attention  in  the  Report  of  your  Librarian.  The  accumulated 
scientific  periodicals  of  the  last  two  or  three  years  are  now 
in  the  binder's  hands;  and  steadily  increasing  as  is  your  store 
of  books,  it  will  soon  be  desirable  to  provide  additional  shelf 
accommodation. 

Your  Council  duly  considered  the  subject  of  a  course  of 
lectures  on  Greology  being  delivered  in  the  Museum,  as  suggested 
at  the  last  Annual  Meeting;  but  so  many  difficulties  presented 
themselves,  that  the  scheme  was  not  thought  at  present  practicable. 
The  desirability,  however,  of  carrying  such  a  design  into  execution 
is  very  apparent,  and  it  will  be  the  wish  and  endeavour  of  your 
Council  to  give  effect  to  the  recommendation  at  the  earliest 
possible  opportunity. 

The  Science  Classes  carried  on  by  Messrs.  Bamett  and  Corin 
in  the  basement  of  this  building  for  very  many  years  still 
continue  to  flourish;  in  fact  they  have  now  outgrown  their 
accommodation,  and  probably  before  another  Annual  Meeting  of 
this  Society  the  Classes  will  be  located  in  a  specially  designed 
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building  now  being  erected  for  them  adjoining  the  Art  Museum 
and  School  of  Art  in  the  Morrab  Road.* 

The  following  particulars  as  to  the  working  of  the  Classes 
during  the  past  year  are  supplied  by  Mr.  Bamett 


Penzancb, 

November  IH,  1889, 

To  the  President  and  Council  of  the  Royal  Cornwall  Greological 
Society. 

I  have  to  report  that  the  average  attendance  of  students  at 
the  Science  Classes  held  in  the  classrooms  and  laboratory  of  your 
Museum  during  the  past  winter  was  less  than  during  previous 
years.  This  was  no  doubt  mainly  owing  to  the  fact  that  I  was 
absent  from  the  town  for  lengthened  periods  of  the  Session,  which 
necessitated  the  class  in  Theoretical  Chemistry  being  discontinued 
for  the  winter.  My  assistant,  Mr,  E.  C.  Corin,  continued  the 
classes  in  Practical  Chemistry ;  and  it  affords  me  pleasure  to  state 
that  the  results  of  the  examinations  of  the  students  by  the  Science 
and  Art  Department  are  very  satisfactory,  as  will  be  seen  by  the 
following  list : 


THEORETICAL  CHEMISTRY. 


George  Robinson  . 

.     2nd  Advanced. 

John  H.  D.  James 

.     2nd  Elementary 

PRACTICAL    CHEMISTRY. 

James  Downing     . 

.     1st  Advanced. 

George  Robinson   . 

.     2nd 

Joseph  H.  Rowe    . 

.     2nd         „ 

Percy  Bennetts 

.     1st  Elementary 

Fred.  S.  Bosustow 

.1st          „ 

John  H.  D.  James 

.1st          „ 

W.  H.  Wilcock      . 

.     2nd 

W.  J.  Bennett 

.     2nd 

As  you  are  aware,  a  special  effort  has  been  made  this  year  to 
provide  new  buildings  in  which  the  sciences  can  be  more  efficiently 
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eondacted  than  it  is  possible  to  do  in  the  rooms  which,  from  the 
oommenoement  of  the  classes,  your  Society  generously  placed  at 
the  service  of  the  Science  Committee,  until  more  suitable  accom- 
modation could  be  provided. 

The  appeal  of  the  Committee  met  with  very  encouraging 
support ;  and  the  Mining  and  Science  School  which  is  now  being 
erected  in  the  town  is  the  result  of  their  appeal. 

This  winter  will  probably  be  the  last  that  the  classes  will  meet 
in  your  buildings ;  and  though  the  Science  Commitfee  will  no 
doabt  at  the  proper  time  acknowledge  the  assistance  which  the 
Royal  Cornwall  Geological  Society  have  given  them,  by  granting 
the  use  of  their  rooms  for  so  long  a  period  free  of  cost,  I  cannot 
let  this  opportunity  pass  without  expressing  my  obligation  (as  the 
founder  of  the  classes)  to  the  Geological  Society  for  the  interest 
they  have  always  evinced  in  the  scientific  education  of  the  young 
of  the  district,  and  the  pecuniary  assistance  which  they  have 
rendered  on  more  than  one  occasion  towards  the  expenses  of  the 
laboratory.  I  am,  gentlemen, 

Yours  obediently, 

A.  X.  Babnbtt. 


Since  the  Council  had  the  honour  of  presenting  their  Beport 
for  1887-8  two  Ordinary  Members  have  been  added  to  the 
Society;  viz.,  Mrs.  Downing,  of  Kenegie,  and  Mr.  A.  J.  Stuart, 
of  Villa  St  Just,  Penzance. 

It  is  rarely  that  the  Council  escape  the  sad  duty  of  recording 
losses  by  death ;  and  in  presenting  this  the  Seventy-sixth  Annual 
Report  they  have  again,  unhappily,  to  note  the  decease  of  some 
who  have  long  been  connected  with  the  Society.  Amongst  our 
Honorary  Members,  and  both  of  particular  distinction,  we  regret 
the  loss  of  Dr.  F.  V.  Hayden,  of  Washington,  U.S.A.,  and  of 
Heinrich  von  Dechen,  Oberberghauptmann,  etc.,  of  Bonn,  who 
died  early  in  the  present  year.  Mr.  Theophilus  Code  too,  of 
Marazion,  who  for  a  lengthened  period  was  one  of  our  Ordinary 
Members,  has  passed  away,  as  well  as  one  of  our  Associates,  Mr. 
John  Giles,  of  East  Looe. 
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In  conclusion,  the  Council  desire  to  recommend  the  election  of 

Mr.  J.   J.   H.   Teall  as  an  Honorary  Member,   and  the  Lord 

Bobartes  and  Mr.  Charles  D.  N.  Le  Grice  as  Ordinary  Members 

of  this  Society. 

Geobob  Bown  Millett,  H(m,  Sec 


Penzance,  1st  November,  1889. 
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'ba  following  works  have  been  added  to  the  Library  during  the 
jetr: 

L  TRANSACTIONS,  JOURNALS,  AND  REPORTS. 

Presented  hy  the  rwpeetive  Societies^  EdUors^  and  other  DonorSf 

or  purchased, 

^lutralasia.     Geological  Society  of  Australasia. 
List  of  Members,  etc.     8vo.     Melbourne,  1888. 

(oBton.     American  Academy  of  Arts  and  Sciences. 

Proceedings :  VoL  xv.,  part  1,  May,  1887,  to  May,  1888. 

8vo.     Boston,  1888. 
^risioL     Bristol  Naturalists'  Society. 

Proceedings :  VoL  vi..  No.  1. 

List  .  .  .  1889.     8vo.     Bristol,  1889. 

^rossels.     Soci^t6  Royale  Malacologique  de  Belgique. 
Proc^verbal :  VoL  xviL     8vo.     Bruxelles,  1888. 

Hfomia.     California  State  Mining  Bureau. 

Eighth  Annual  Report  of   the  State  Mineralogist  [William 

J.  Irelan,  jun.]  for  the  year  ending  October  1st,  1888. 

8yo.     Sacramento,  1888. 
Cambridge.     Cambridge  University  Library. 

Thirty-Fourth  Annual  Report  of  the  Library  Syndicate,  May 

29th,  1889.     4to.     Cambridge,  1889. 

^Wda.     Geological  and  Natural  History  Survey. 

Catalogue  of  Canadian  Plants.     By  John  Macoun.     Part  3 

— apetalaB  ;  part  4 — endogens. 

Svo.     Montreal,  1886,  1888. 

List  of  Publications  ...  of  the  Survey  of  Canada. 

8vo.     Ottewa,  1884. 
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Canada.     Canadian  Institute,  Toronto. 

Proceedings :  fasc.  1,  2,  of  voL  vL,  series  iii 
Annual  Report .  .  .  session  1887-^8;  being  part  of  Appendix 
L.  to  the  Report  of   the  Minister  of   Education,  Ontario, 
1888.     8vo.     Toronto,  1888-89. 

^.     Royal  Society  of  Canada. 

Proceedings  and  Transactions  for  1888,  voL  vL 

4to.     Montreal,  1889. 

Carlisle.     Cumberland  Association  for  the  Advancement  of  liter- 
ature and  Science.     Transactions : 
No.  VIIL,  1882-83.     8vo.     Carlisle,  1883. 
IX.,  1883-84.  „  1885. 

XL,  1885-86.  „  1886. 

XIL,  1886-87.  „  1887. 

XIIL,  1887-88.  „  1888. 

[Presented  by  Mr.  W.  Whitaker.] 

Cincinnati     Cincinnati  Society  of  Natural  History. 
Journal :  VoL  xL,  No.  4. 

VoL  xiL,  No.  1.     8vo.     Cincinnati,  1889. 

Colorado.     Colorado  Scientific  Society. 

Proceedings  :  VoL  iii.,  part  1,  1888.     8vo.     Denver,  1888. 

Connecticut     Meriden  Scientific  Association. 
Transactions :  VoL  iii,  1887-88. 

8vo.     Meriden,  Conn.,  1889. 
Costa  Rica  and  Nicaragua. 

Argument  on  the  Question  of  the  Validity  of  the  Treaty  of 
Limits  between  Costa  Rica  and  Nicaragua,  and  other  supple- 
mentary points  connected  with  it,  submitted  to  the  arbitration 
of  the  President  of  the  United  States  of  America^  Filed 
on  behalf  of  .  .  .  Costa  Rica  by  Pedro  P^rez  Zeleddn,  its 
Envoy  Extraordinary  ...  in  the  United  States.  Tnms- 
lated  into  English  by  J.  L  Rodriguez. 

8vo.     Washington,  1887. 

Reply  to  the  Argument  of  Nicaragua  on  the  Question  of 
the  Validity  or  NuUity  of  the  Treaty  of  Limits  of  April  15th, 
1858.  .  .  .  Filed  on  behalf  of  .  .  .  Costa  Rica,  by  P.  P. 
Zeled6n.     8vo.     Washington,  1887. 
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The  Case  of  the  Republic  of  Nicaragua  submitted  to  His 
Excellency  the  Hon.  Grover  Cleveland,  President  of  the 
United  States,  Arbitrator,  under  the  Treaty  of  Guatemala  of 
December  24th,  1886.     8vo.     Washington,  1888. 

Doipat    Dorpater  Naturforscher-GeseUschaft.     Archiv  fur  die 

Naturkunde  Liv.-Esth.-und  Kurlands. 

L  Serie,  band  ix.,  liel  5. 

Sitzungsberichte :  Band  viii.,  heft  3. 

8vo.    Dorpat     1889. 
Dublin.     Eoyal  Dublin  Society. 

Scientific  Proceedings :  New  series,  voL  vL,  parts  3-6. 

8vo.    Dublin,  1888-89. 

Scientific  Transactions :  Series  iL,  voL  iv.,  parts  2-5. 

4to.     Dublin,  1889. 

Bdinburgh.     Edinburgh  Geological  Society. 

Transactions:  VoL  v.,  part  4.     8vo.     Edinburgh,  1888. 

FalmoutL     Eoyal  Cornwall  Polytechnic  Society. 

Fifty-sixtb  Annual  Report^  1888.     8vo.     Fabnouth,  1889. 

lalifax.     Geological  and  Polytechnic  Society  of  the  West  Riding 

of  Yorkshire. 

Proceedings :  N.S.  voL  xi.,  part  1,  1888. 

8vo.     Halifax,  1889. 
idia.     Geological  Survey  of  India. 

A  Bibliography  of  Indian  Geology ;  being  a  list  of  Books 

and  Papers  relating  to  the  Geology  of   British  India  and 

adjoining  countries,  published  previous  to  the  end  of  1887. 

Preliminary  issue.     Compiled  by  R  D.  Oldham. 

8vo.     Calcutta,  1888. 
Records :  YoL  xxL,  part  4. 

„  „     xxii.,  parts  1-3.     8vo.     Calcutta,  1888-89. 

ansas.     Kansas  Academy  of  Science. 

Transactions  of  the  Eighteenth  and  Nineteenth  Annual  Meet- 
ings, etc  (1885-86),  voL  x.     8vo.     Topeka,  Kansas,  1887. 

sicester.     Leicester  Literary  and  Philosophical  Society. 

Transactions:  New  Quarterly  Series,  part  9,  October,  1888; 

parts  10-12,  1889. 
Report  of  the  Council,  etc.     8vo.  Leicester,  1888-89. 
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Li^e.     Soci^t^  Gtologique  de  Belgique. 

Annales :  Tome  xiii,  in  2  parts.     Svo.  Li^ge,  1887-88. 

'  „  „     xiv.,  part  1.  „  1888. 

»,  „     XT.,  in  3  parts.  „  1888. 

Lille.     Soci^t^  G^ologique  da  Nord. 

Annales:  Tome  xv.,  1887-88.     8vo.     Lille,  1888. 

Liverpool     Liverpool  Engineering  Society. 

Transactions :  Vol  viiL,  Session  1887.   8vo.   Liverpool,  1888. 

■  Liverpool  Greological  Association. 

Journal :  Vol  viiL,  Session  1887-88.    8vo.    Liverpool,  1889. 

London.     British  Association  for  the  Advancement  of  Science. 
Report  of  the  Fifty-eighth  Meeting,  held  at  Bath  in  Septemher, 
1888.     8vo.     London,  1889. 

.     Geological  Record  for  1880-84  (inclusive),  voL  iL 

8vo.     London,  1889.     Purchased, 

.     Geological  Society  of  London. 

List  .  .  .  November  Ist,  1888. 

Quarterly  Journal,  No.  176  of  vol  xliv. 

„  „         „     177-179  of  vol  xlv. 

8vo.     London,  1888-89. 
.     Geologists'  Association. 

Proceedings :  Nos.  8,  9,  and  title-page,  etc.  of  vol  x. 

„     1-4  of  vol  xi.     8vo.     London,  1888-89. 

.     Palseontographical  Society. 

VoL  xliL  for  1888.     4to.     London,  1888.     Purchased. 

.     London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 

Series  V.     Nos.  162-164  of  voL  xxvL 
„  „     165-169  of  voL  xxvii 

„  „     170-173  of  voL  xxviii. 

8vo.     London,  1888-89.     Purchased, 
.     Royal  Society. 


Proceedings:  Nos.  271,  272  of  vol  xliv. 
„  „     273-279  of  vol  xlv. 

„  „     280-283  of  vol  xlvl 


8vo.     London,  1888-89. 
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LoDdon.    Society  of  Chemical  Industiy. 

JoamaL     Nos.  10-12  of  vol  viL,  and  Index. 

„  „        1-9  of  voL  viii 

8yo.     London,  1888-89. 

Manchester.     Manchester  Geological  Society. 
Transactions :  Parts  1-10  of  vol  zx. 

8ya     Manchester,  1888-89. 

-^.    Manchester  Scientific  Students'  Association. 

Proceedings  for  the  year  1888.     8vo.     Manchester,  1889. 

Miimesota.     Creological  and  Natural  History  Survey. 
Siith  Annual  Report  for  the  year  1877. 

8vo.     Minneapolis,  1878. 
[Presented  by  Mr.  W.  Whitaker.] 

KewcasUe-upon-Tyne.     North  of   England  Institute  of   Mining 
and  Mechanical  Engineers. 
Transactions :  YoL  xxxviL,  parts  5,  6. 
„  „    xxxviii,  parts  1-3. 

8vo.     Newcastle-upon-Tyna     1888-89. 

New  South  Wales.     Department  of  Mines. 

Annual  Report  of  the  Department  for  1887. 

Folio.     Sydney,  1888. 
— ,    Geological  Survey. 

Memoirs:  Pakeontology,  No.   1. — ^The  Invertebrate  Fauna 

of  the  Hawkesbury — Wianamatta  Series  (beds  above  the 

productive  Coal-measures).     By  Robert  Etheridge,  jun. 

4to.     Sydney,  1888. 

.    Royal  Society  of  New  South  Wales. 

Journal  and  Proceedings :  YoL  xxii.,  parts  1,  2. 

8vo.     Sydney,  1888-89. 

New  York.     American  Geographical  Society. 

Bulletin :  Na  4  and  Supplement,  vol  xx.,  1888. 
„  „    1-3,  voL  xxi,  1889. 

8vo.     New  York.     1888-89. 

North  Carolina.     Elisha  Mitchell  Scientific  Society. 
Journal :  YoL  v.,  part  2,  J\ily  to  December,  1888. 

8vo,  Raleigh,  N.C.,  1888. 
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T^xkK    £cole  des  Mines. 

Aniudes :  S^rie  YIII.,  t.  xiii.,  liv.  3.  Svo.  Paris,  1888. 

„  „  t  xiv.,  liv.  4-6.  8va  Paris,  1888. 

„  „  t.  XV.,  liv.  1-3.  8vo.  Paris,  1889. 

IVuL     Paris  Exhibition,  1889:   The  Republic  of  Uruguay, 

represented  at  the  Paris  Exhibition  of   1889.      General, 
description  and  Data.     8vo.     London — Liverpool,  1889. 

IVnnsylvania.     Creological  Survey  of  Pennsylvania. 
Annual  Report  for  1886,  part  4 : 

1. — The  Lehigh  River  Section.     With  Map  and  Section- 
By  Arthur  Winslow. 
2.— The  Lehigh  Paint  Ore  Mines.    With  Map.    By  Frank: 

A.  HilL 
3. — Report  on  the  Iron  Ore  Mines  and  Limestone  Quarries 
of  the  Cumberland-Lebanon  Valley.  With  Maps. 
By  E.  V.  D'lnviUiersL 
4. — Report  on  the  Serjientine  Ranges  of  Radnor  Township, 
Delaware  County ;  and  Lower  Merion,  Montgomery 
County.     With  Map.     By  Theo.  D.  Rand. 

8vo.     Harrisburg,  1887. 
Atlas  of  Eastern  Middle  Anthracite  Field.    Part  2,  A.  A 
Atlas,  Northern  Anthracite.     Parts  3,  4. 
Atlas  to  Reports.     IL  H.  and  H.  H.  H. 
Catalogue  of  State  Museum.     Part  3. 

8vo.     Harrisburg,  1889. 

Ponzanco.     Natural  History  and  Antiquarian  Society. 
Report  and  Transactions,  18S8-89. 

8va     Plymouth,  1889. 

Philadelphia.     Academy  of  Natural  Sciencea 

Proceedings :  Part$  2,  3,  March  to  December,  1888. 
„  Part  1,  January  to  April,  1889. 

8va     Philadelphia,  1888-89. 

American  Philosophical  Society. 
lVx\HHiing«:  Vol.  xxvi..  No.  129. 

Svo.     Philadelphia,  1889. 
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Philadelphia.     American  Philosophical  Society. 
Transactions :  Vol.  xvi.,  N.  S.,  part  2. 

4to.     Philadelphia,  1888. 
Subject  Register  of    Papers  published  in  the  Transactions 

and  Proceedings.  .  .  .  Compiled  by  Henry  Phillips,  jun. 
Supplemental  Register  of  Written  Communications  published 

in  the  Transactions  and  Proceedings  .  .  .  1881-89. 
Beport  of  the  Committee  appointed  ...  to  assist  the  Com 
mission  on  Amended  Orthografy,  created  by  virtue  of  a 
Resolution  of  the  Legislature  of  Pennsylvania. 
List  of  Deficiencies  in  the  Library  of  the  .  .  .  Society. 

8vo.     Philadelphia,  1889. 

1^    Society  Toscana  di  Scienze  NaturalL 
Memorie  :  VoL  ix.     8vo.     Pisa,  1888. 
Processi  Verbali :  Pages  1 05-254  of  vol.  vL    8vo.    1888-89. 
Commemorazione  di   Giuseppe   Meneghini  fatta  nell'  aula 
Magna  dell'  Universita  Pisana  ai  24  Marz,  1889. 

8vo.     Pisa,  1889. 

Plymouth.     Plymouth    Listitution    and    Devon    and    Cornwall 
Natural  History  Society. 
Report  and  Transactions :  VoL  x.,  part  2,  1888-89. 

8vo.     Plymouth,  1889. 

antiago.     Verhandlungen    des    Deutschen    Wissenschaftlichen 
Vereins  zu  Santiago.     Heft  6.     8vo.     Bemburg,  1888. 

rura     Royal  Institution  of  Cornwall. 

Journal:  VoL  ix.,  part  3,  Oct.,  1888.     8vo.     Truro,  1888. 

nited  States.     Geological  and  Geographical  Survey  of  the  States. 
Bulletin :  No.  40. — Changes  in  River  Courses  in  Washington 
Territory  due  to  Glaciation.     By  Bailey  Willis. 

„  No.  41. — On  the  Fossil  Faunas  of  the  Upper 
Devonian — the  Grenesee  Section,  New  York, 
By  Henry  S.  Williams. 

„  No.  42. — Report  of  Work  done  in  the  Division  of 

Chemistry  and  Physics,  mainly  during  fiscal  year 

1885-86. 
YOL.  XL  Q 
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building  now  being  erected  for  tbem  adjoining  the  Art  Museum 
and  School  of  Art  in  the  Morrab  Eoad.  * 

The  following  particulars  as  to  the  working  of  the  Classes 
during  the  past  year  are  supplied  by  Mr.  Bamett 


Penzanob, 

November  Itt,  1SS9, 

To  the  President  and  Council  of  the  Royal  Cornwall  Greological 
Society. 

I  have  to  report  that  the  average  attendance  of  students  at 
the  Science  Classes  held  in  the  classrooms  and  laboratory  of  your 
Museum  during  the  past  winter  was  less  than  during  previous 
years.  This  was  no  doubt  mainly  owing  to  the  fact  that  I  was 
absent  from  the  town  for  lengthened  periods  of  the  Session,  which 
necessitated  the  class  in  Theoretical  Chemistry  being  discontinued 
for  the  winter.  My  assistant,  Mr.  E.  C.  Corin,  continued  the 
classes  in  Practical  Chemistry ;  and  it  affords  me  pleasure  to  state 
that  the  results  of  the  examinations  of  the  students  by  the  Science 
and  Art  Department  are  very  satisfactory,  as  will  be  seen  by  the 
following  list : 


THEORETICAL  CHEMISTRY. 


George  Robinson  . 

.     2nd  Advanced. 

John  H.  D.  James 

.     2nd  Elementary 

PRACTICAL    CHEMISTRY. 

James  Downing     . 

.     1st  Advanced. 

George  Robinson    . 

.     2nd 

Joseph  H.  Rowe    . 

.     2nd        „ 

Percy  Bennetts 

.     Ist  Elementary 

Fred.  S.  Bosustow 

.1st          „ 

John  H.  D.  James 

.     1st          „ 

W.  H.  Wilcock      . 

.     2nd 

W.  J.  Bennett 

.     2nd         „ 

As  you  are  aware,  a  special  effort  has  been  made  this  year  to 
provide  new  buildings  in  which  the  sciences  can  be  more  efficiently 
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conducted  than  it  is  possible  to  do  in  the  rooms  which,  from  the 
commencement  of  the  classes,  your  Society  generously  placed  at 
the  service  of  the  Science  Committee,  until  more  suitable  accom- 
modation could  be  provided. 

The  appeal  of  the  Committee  met  with  very  encouraging 
support ;  and  the  Mining  and  Science  School  which  is  now  being 
erected  in  the  town  is  the  result  of  their  appeaL 

This  winter  will  probably  be  the  last  that  the  classes  will  meet 
in  your  buildings;  and  though  the  Science  Committee  will  no 
doubt  at  the  proper  time  acknowledge  the  assistance  which  the 
Boyal  Cornwall  Geological  Society  have  given  them,  by  granting 
the  use  of  their  rooms  for  so  long  a  period  free  of  cost,  I  cannot 
let  this  opportunity  pass  without  expressing  my  obligation  (as  the 
founder  of  the  classes)  to  the  Geological  Society  for  the  interest 
they  have  always  evinced  in  the  scientific  education  of  the  young 
of  the  district,  and  the  pecuniary  assistance  which  they  have 
rendered  on  more  than  one  occasion  towards  the  expenses  of  the 
laboratory.  I  am,  gentlemen, 

Yours  obediently, 

A.  ^.  Babnbtt. 


Since  the  Council  had  the  honour  of  presenting  their  Report 
for  1887-8  two  Ordinary  Members  have  been  added  to  the 
Society;  viz.,  Mrs.  Downing,  of  Kenegie,  and  Mr.  A.  J.  Stuart, 
of  Villa  St  Just,  Penzance. 

It  is  rarely  that  the  Council  escape  the  sad  duty  of  recording 
losses  by  death ;  and  in  presenting  this  the  Seventy-sixth  Annual 
Report  they  have  again,  unhappily,  to  note  the  decease  of  some 
who  have  long  been  connected  with  the  Society.  Amongst  our 
Honorary  Members,  and  both  of  particular  distinction,  we  regret 
the  loss  of  Dr.  F.  V.  Hayden,  of  Washington,  U.S.A,  and  of 
Heinrich  von  Dechen,  Oberberghauptmann,  etc.,  of  Bonn,  who 
died  early  in  the  present  year.  Mr.  Theophilus  Code  too,  of 
Marazion,  who  for  a  lengthened  period  was  one  of  our  Ordinary 
^[embers,  has  passed  away,  as  well  as  one  of  our  Associates,  Mr. 
John  Giles,  of  East  Looe. 
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In  concludoiiy  the  Council  desire  to  recommend  the  election  of 
Mr.  J.  J.  H.  Teall  as  an  Honorary  Member,  and  the  Lord 
Bobartes  and  Mr.  Charles  D.  N.  Le  Grice  as  Ordinary  Members 
of  this  Society. 

Gboboe  Bown  Millbtt,  Hon,  Sec 


Pensanoe,  IM  November^  1889. 


LIBRAEIAl^'S  REPORT. 


Ihi  following  works  have  been  added  to  the  Library  during  the 
year: 

L  TRANSACTIONS,  JOURNALS,  AND  REPORTS. 

TreaenJUd  by  the  respective  Societies,  Sditon,  and  other  Donors, 

or  purchased. 

AoBtralasia.     Greological  Society  of  Australasia. 

Lbt  of  Members,  etc.     8vo.     Melbourne,  1888. 

Boston.     American  Academy  of  Arts  and  Sciences. 

Proceedings:  Vol  xv.,  part  1,  May,  1887,  to  May,  1888. 

8yo.    Boston,  1888. 
Bristol     Bristol  Naturalists'  Society. 

Proceedings:  Vol  vi..  No.  1. 

List  .  .  .  1889.     8vo.     Bristol,  1889. 

Brussels.     Soci^t^  Royale  Malacologique  de  Belgique. 
Proc^verbal :  Vol  xviL     8vo.     Bruxelles,  1888. 

California.     California  State  Mining  Bureau. 

Eighth  Annual  Report  of   the  State  Mineralogist  [William 

J.  Irelan,  jun.]  for  the  year  ending  October  1st,  1888. 

8yo.     Sacramento,  1888. 
Cambridge.     Cambridge  University  Library. 

Thirty-Fourth  Annual  Report  of  the  Library  Syndicate,  May 

29th,  1889.     4to.     Cambridge,  1889. 

Canada.     Geological  and  Natural  History  Survey. 

Catalogue  of  Canadian  Plants.     By  John  Macoun.     Part  3 

— apctalsB  ;  part  4 — endogens. 

8vo.     Montreal,  1886,  1888. 

List  of  Publications  ...  of  the  Survey  of  Canada. 

8vo.     Ottawa,  1884. 
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Canada.     Canadian  Institute,  Toronto. 

Proceedings :  fasc.  1,  2,  of  vol.  vi,  series  iii. 
Annual  Report . .  .  session  1887-88;  being  part  of  Appendix 
L.  to  the  Report  of   the  Minister  of  Education,  Ontario, 
1888.     8vo.     Toronto,  1888-89. 

Royal  Society  of  Canada. 

Proceedings  and  Transactions  for  1888,  voL  vi. 

4to.     Montreal,  1889. 

Carlisle.     Cumberland  Association  for  the  Advancement  of  Liter- 
ature and  Science.     Transactions : 
No.  VIIL,  1882-83.     8vo.     Carlisle,  1883. 
„       IX.,  1883-84.  „  1885. 

„       XL,  1885-86.  „  1886. 

„      XIL,  1886-87.  „  1887. 

„    XIIL,  1887-88.  „  1888. 

[Presented  by  Mr.  W.  Whitaker.] 

Cincinnati     Cincinnati  Society  of  Natural  History. 
Journal :  VoL  xL,  No.  4. 

VoL  xii,  No.  1.     8vo.     Cincinnati,  1889. 

Colorado.     Colorado  Scientific  Society. 

Proceedings :  VoL  iii.,  part  1, 1888.     8vo.     Denver,  1888. 

Connecticut.     Meriden  Scientific  Association. 
Transactions :  VoL  iii,  1887-88. 

8vo.     Meriden,  Conn.,  1889. 
Costa  Rica  and  Nicaragua. 

Argument  on  the  Question  of  the  Validity  of  the  Treaty  of 
Limits  between  Costa  Rica  and  Nicaragua,  and  other  supple- 
mentary points  connected  with  it,  submitted  to  the  arbitration 
of  the  President  of  the  United  States  of  America.  Filed 
on  behalf  of  ,  .  .  Costa  Rica  by  Pedro  P^rez  Zeled6n,  its 
Envoy  Extraordinary  ...  in  the  United  States.  Trans- 
lated into  English  by  J.  L  Rodriguez. 

8vo.     Washington,  1887. 

Reply  to  the  Argument  of  Nicaragua  on  the  Question  of 
the  Validity  or  Nullity  of  the  Treaty  of  Limits  of  April  15th, 
1858.  .  .  .  Filed  on  behalf  of  .  .  .  Costa  Rica,  by  P.  P. 
Zeleddn.     8vo.     Washington,  1887. 
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The  Case  of  the  Republic  of  Nicaragua  submitted  to  His 
Excellency  the  Hon.  Grover  Cleveland,  President  of  the 
United  States,  Arbitrator,  under  the  Treaty  of  Guatemala  of 
December  24th,  1886.     8vo.     Washington,  1888. 

Borpat    Dorpater  Naturforscher-Gesellschaft     Archiy  fur  die 

Naturkunde  Liv.-EstL-und  Kurlands. 

L  Serie,  band  iz.,  liel  5. 

Sitzungsberichte  :  Band  viii.,  heft  3. 

8vo.     Dorpat.     1889. 
Dublin.    Royal  Dublin  Society. 

Scientific  Proceedings :  New  series,  voL  tL,  parts  3-6. 

8vo.     Dublin,  1888-89. 

Scientific  Transactions :  Series  iL,  voL  iv.,  parts  2-5. 

4to.     Dublin,  1889. 

fiiinburgh.     Edinburgh  Geological  Society. 

Transactions :  VoL  v.,  part  4.     8vo.     Edinburgh,  1888. 

Falmouth.     Royal  Cornwall  Polytechnic  Society. 

Fifty-sixth  Annual  Report,  1888.     8vo.     Fabnouth,  1889. 

HahfaT.     Geological  and  Polytechnic  Society  of  the  West  Riding 
of  Yorkshire. 
Proceedings:  N.S.  voL  xi.,  part  1,  1888. 

8vo.     Halifax,  1889. 
India.     Geological  Survey  of  India. 

A  Bibliography  of  Indian  Geology ;  being  a  list  of  Books 

and  Papers  relating  to  the  Geology  of   British  India  and 

adjoining  countries,  published  previous  to  the  end  of  1887. 

Preliminary  issue.     Compiled  by  R.  D.  Oldham. 

8yo.     Calcutta,  1888. 
Records :  Vol  xxL,  part  4. 

„  „     xxii.,  parts  1-3.     8vo.     Calcutta,  1888-89. 

Kansas.     Kansas  Academy  of  Science. 

Transactions  of  the  Eighteenth  and  Nineteenth  Annual  Meet- 
ings, eta  (1885-86),  vol  x.     8vo.     Topeka,  Kansas,  1887. 

Leicester.     Leicester  Literary  and  Philosophical  Society. 

Transactions:  New  Quarterly  Series,  part  9,  October,  1888; 

parts  10-12,  1889. 
Report  of  the  Council,  etc.     8vo.  Leicester,  1888-89. 


ON  THB 

JUNCTION  OF  HORNBLENDE  SCfflST  AND  SER- 
PENTINE IN  THE  060  DOUR  DISTRICT, 

AltD 

ON  THE  OCCTJBRENCE  OF  SOME  BANDS  OF  POTSTONE  NORTH  OF  POL  COBNICK, 

with  mr,  teall's  notes  thereon, 
Bt  Howabd  Fox,  f.o.8. 

(B«ad  1st  November,  1889.) 


The  junction  of  the  hornblende  -  schist  with  the 
serpentine  in  the  Ogo  Dour  district  is  not  a  definite 
one,  as  indicated  on  the  Ordnance  Map,  but  resembles 
some  of  those  to  the  east  of  the  Lizard.  The  two 
rocks  alternate  for  a  considerable  distance  in  the 
cliffs  and  foreshore,  and  are  traversed  by  porphyritic 
and  non-porphyritic  diorites,  trap  dykes,  gabbro,  &c. 

South  of  Ogo  Dour  Cove  hornblendic  gneiss  may 
be  seen  in  situ  on  the  foreshore,  much  crumpled; 
and  the  hornblende-schist  varies  from  the  coarse 
greyish  granitoid  type  to  that  of  a  diorite,  being 
associated  in  George's  Cove  with  a  banded  crystalline 
rock  resembling  Professor  Bonney's  "Granulitic 
Series  "  of  the  east  coast,  and  on  a  headland  between 
George's  Cove  and  Ogo  Dour,  immediately  north  of 
Pol  Comick,  with  bands  of  a  rock  which  Mr.  Teall 
determines  to  be  a  variety  of  potstone. 
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In  walking  southward  over  the  extensive  range 
of  hornblende-schist  composing  Predannack,  we  find, 
about  a  quarter  of  a  mile  south-west  of  Predannacl 
Wollas*  (Lower  Predannack  farm),  exposures  ol 
serpentine  extending  at  intervals  for  some  150  yards 
along  the  cliffs,  and  traceable  for  300  yards  inlanc 
in  a  direction  N.N.  W.  of  Pare  Bean  Cove,  t  On  th( 
foreshore  the  hornblende-schist  and  serpentine  weathej 
so  much  alike  that  the  hammer  is  iu  constant  requi 
sition,  and  it  is  not  even  then  easy  to  determine  th( 
precise  character  of  some  of  the  rock.  At  low-watej 
spring  tide  we  can  walk  for  300  yards  over  sand  anc 
boulders  from  Pare  Bean  Cove,  past  several  chines  a1 
Ogo  Dour  Cove,  in  some  of  which  a  serpentinous 
rock  is  found,  to  a  cave  at  the  south  end  of  this 
Cove  which  Professor  Bonney  appears  to  have  exam- 
ined, and  described  as  the  junction.  J  From  this 
junction  cave  to  the  south  end  of  George's  Cove- 
viz.  ,  for  a  distance  of  nearly  half  a  mile — hornblende 
schist,  banded  crystalline  rocks,  and  serpentine  alter 
nate,  the  serpentine  being  the  prevailing  rock  on  th( 
top  of  the  cliffs,  as  it  is  on  the  east  coast  betweer 
Kildown  and  Caerleon  Coves.  About  eighty  yard? 
south-west  of  this  cave  junction  is  a  high  isolatec 
rock  or  island,  numbered  1010a  on  the  parish  map 
and  on  the  edge  of  the  cliff  of  the  mainland,  exactl) 
opposite  this  island,  and  only  a  few  yards  from  it 


♦  These  proper  names  are  taken  from  the  recently  published  Ordnanc 
Map.  The  twenty-five  inch  Ordnance  Parish  Map,  Co.  Com.  W.  Di¥ 
Sheet  Ixxxiv.  6  contains  the  entire  coastline  from  Predannack  Head  t* 
Vellan  Head. 

t  This  exposure  of  serpentine  was  fii-st  recorded  by  Professor  Bonney 
Q.  J.  G.  S.,  February,  1883,  p.  22. 

t  Q.  J,  G.  S.y  November,  1877,  p.  890. 
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are  bands  of  potstone  associated  with  porphjnitic 
diorite,  banded  saussurite  and  hornblende-schist,  and 
serpxentine. 

The  annexed  diagram  indicates  the  position  of 
these  bands  of  potstone.  We  climb  down  the  ser- 
pentine cliff  A .  towards  the  island  until  we  reach  a 
small  fissure  or  trench  caused  by  the  disintegration 
of  a  banded  hornblendic  rock  "a,"  about  six  feet 
wide  at  its  north,  and  widening  to  about  ten  feet 
at  its  south  end.  This  rock  appears  to  cut  the 
serpentine  in  a  direction  west  of  north,  and  east 
of  south,  with  a  disordered  dip.  About  eighteen 
feet  further  west  is  a  similar  banded  rock  "  b,"  from 
1^  to  two  feet  wide,  dipping  south  of  west,  and 
traversing  the  serpentine  in  an  almost  parallel  direc- 
tion.  Both  these  bands  are  cut  to  the  south  by  two 
porphyritic  trap  dykes  "  c "  and  "  d,"  and  a  portion 
of  one  of  them  is  faulted  at  "ab"  in  a  striking 
manner  by  these  dykes. 

The  trap  dyke  "c"  is  six  inches  wide,  thickly  studded 
with  small  crystals  of  felspar  where  it  enters  "a." 
It  cuts  the  serpentine  in  a  N.W.  and  S.E.  direction. 

The  trap  dyke  "d"  is  from  two  to  three  feet  wide; 
it  is  porphyritic  in  parts,  and  it  runs  about  N.W.  by 
W.,  and  S.E.  by  E.,  through  the  serpentine.  Just 
before  cutting  "b"  it  branches,  and  the  branch  re- 
joins the  main  stem  enclosing  a  block  of  serpentine 
in  its  sweep.  These  two  trap  dykes  are  seen  following 
their  course  eastward  through  the  cliff  B. 

Immediately  west  of  this  dyke  "d"  we  find  serpen- 
tine followed  by  a  dark  grey  hornblendic  rock,  very 
thickly  mottled  with  whitish  eyes  or  crystals  from 
yV  to  I  an  inch  long,  which  appears  to  be  a  porphyritic 
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diorite.*  It  appears  at  the  north  end  of  this  little 
peninsula  as  two  veins,  which  unite  and  widen  tc 
over  fifteen  feet.  It  is  intercalated  on  its  west  side 
with  banded  saussurite  and  hornblende-schist,  botb 
these  bands  being  studded  with  white  crystals,  which, 
in  the  case  of  the  schist,  Mr.  Teall  describes  a£ 
"  pseudomorphs  after  porphyritic  felspars." 

On  the  western  edge  of  this  porphyritic  diorite  we 
find  potstone  and  hornblende-schist  intercalated  on 
the  edge  of  the  diflF,  whence  homblende^hist  pre- 
dominates to  the  water's  edge. 

The  island  ( 1010a)  opposite  appears  to  be  composed 
mostly  of  hornblende-schist. 

The  potstone  is  much  weathered.  One  large  block 
stands  out  conspicuously  as  a  whitish  grey  mass  about 
nine  feet  long ;  the  centre  of  this  block  is,  however, 
homblende-schist,  under  which,  in  a  cavity,  the 
potstone  weathers  in  ridges.  The  unaltered  potstone 
appears  lead-coloured.  It  can  be  traced  at  intervals 
for  several  yards  S.E.  of  the  block,  but  is  in  very 
limited  quantity.  Portions  of  both  the  potstone  and 
the  saussuritic  bands  eflfervesce  freely. 

Sections  of  the  banded  saussurite  and  homblende- 
schist,  of  a  finely-banded  light-coloured  rock  associ- 
ated therewith,  and  of  the  potstone,  have  been  kindly 
examined  by  Mr.  J.  J.  H.  Teall,  who  sends  me  the 
following  Btbbes  thereon. 

*  A  similar  rock  is  seen  at  Qeoige's  Cove. 
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NOTES  ON  SOME  EOCKS  FEOM  NOETH  POL 

COENICK. 

Mr.  Player  has  very  kindly  analysed  two  of  the 
specimens,  and  I  will  describe  these  first.  The 
analyses  are  especially  valuable,  as  without  them 
it  would  have  been  impossible  to  speak  confidently 
as  to  the  nature  of  the  rocks. 

Specimen  No.  4. 

This  consists  of  a  dark  band  with  white  spots 
intercalated  between  two  light  coloured  bands  also 
containing  white  spots.  A  portion  of  one  of  the 
white  bands  gave  the  following  results : 


Carbonic  acid 

« 

•9 

Further  loss  by  calcination 

2-6 

Silica 

.     471 

Titanic  acid 

•2 

Alumina  . 

.     19-2 

Ferric  oxide 

•5 

Ferrous  oxide 

31 

Lime 

.     161 

Magnesia  . 

8-2 

Soda 

.       20 

Potash      . 

•4 

100-3 

(Signed)               J.  H.  Plater. 

December  9tA,  1889. 

' 

The  only  constituents  I  have  been  able  to  identify 
in  the  white  band  are  a  colourless  pyroxene  (mala- 
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colite),  similar  to   that  of  which  I  have  given 
analysis  in  the  Min.  Mag.  vol.  viiL  (1888)  p.  119 
the  unknown  substance  brown  by  transmitted  anc^ 
white  by  reflected  light   which  is  common  in  th^ 
gabbros  of  the  Lizard,  and  a  few  small  grains 
fphene.     This  portion  of  the  specimen  is  e^entl 
a  variety  of  the  so-called  saussurite  of  the  Lizard. 
The  dark  band  is  a  hornblende-schist  composed 
pale  green  hornblende,  water-clear  grains  of  felspa^sr 
mostly  unstriated,  and  sphene.     The  sphene  occumt^ 
in  smaU  grains,  which  form  streaks  paraUel  with  thfc€ 
schistosity.     The  white  spots  are  pseudomorphs  after 
porphyritic  felspars.      They  form  smaU  ««eye8»  in 
the  schist. 

Specimen  No.  2. 

This  is  also  a  banded  rock.  The  central  band  is 
compact  and  lead-coloured.  It  is  very  soft  and  has 
a  soapy  feel.  The  marginal  portion  of  this  band  on 
one  side  is  somewhat  lighter  in  colour  and  eflfervesces 
freely. 

The  analysis  yielded  the  following  result : 

Carbonic  acid  .  .  .         .       2*2 


Further  loss  by  calcination 

Silica 

Alumina  . 

Chromic  oxide 

Ferric  oxide 

Ferrous  oxide 

Lime 

Magnesia  . 

Potash 


51 

54-1 

2-4 

considerable  traces 

•7 

4-8 

3-5 

26-3 

•2 


December  9th,  1889. 


(Signed) 


99-3 
J.  H.  Platbr. 
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A  microscopic   section   shows   a   few   black  and 
■brown    specks    lying    in    a    confusedly    crystalline 
matrix.     Under  a  high  power  this  matrix  is  seen 
t«  consist  largely  of  a  scaly  mineral,  having  high 
double    refraction    of   a   negative    character.      The 
scales  are  confusedly  mixed,  so  as  to  give  to  the 
mass  a  crypto-crystalline  appearance  under  a  low 
power.     Small  nests  of  chlorite  are  also  recognisable 
lere  and  there.     The  above  description  applies  to 
the  central   portion    of   the   band.      Towards   one 
margin    small   grains   of   a   carbonate   make    their 
appearance,  and  towards  the  other  pale  brown  and 
colourless  hornblende,  chlorite,  and   strings  of  car- 
bonates. 

Taking  the  analysis  in  connection  with  the  micros- 
copic characters,  we  may  fairly  conclude  that  the 
central  band  is  largely  composed  of  talc.  The  low 
percentage  of  water,  the  high  percentage  of  silica, 
and  the  strong  negative  double  refraction,  all  point 
to  this  conclusion. 

The  rock  is  a  variety  of  potstone  (Ger.  Topfstein, 
Fr.  Pierre  Ollaire),  and  doubtless  possesses  excellent 
fire -resisting  qualities.  It  might  be  suitable  for 
hearthstones  or  for  the  manufacture  of  crucibles,  if 
material  similar  to  that  forming  the  central  portion 
of  the  band  could  be  obtained  in  a  sufficient  quantity. 

Specimen  No.  1, 

An  intimate  mixture  of  saussurite  and  hornblende- 
schist.  The  two  varieties  of  rocks  appear  as  if  they 
had  been  kneaded  together.  Patches  of  carbonates 
occur,  and  where  these  have  weathered  out  the  rock 
has  a  scoriaceous  appearence. 
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Specimen  No.  5. 

Similar  to  No.  2,  but  richer  in  carbonates 
opaque  grains. 

Specimen  No.  6. 

Finely  banded  rock,  bands  crumpled.     The 
bands  are  rich  in  chlorite,  the  light  bands  in 
bonates. 


METAMORPfflSM  IN  THE  HARTZ  AND 
WEST  OP  ENGLAND. 

Bt  J.  J.  H.  Ti&ALL,  M.A.,  F.a.a 

(Rend  lit  Norember,  1889.) 


IB  counties  of  Devon  ,and  Cornwall  are  mainly 
mposed  of  sedimentary  and  volcanic  rocks  belonging 
the  Silurian,  Devonian,  and  Carboniferous  periods, 
le  precise  boundary  lines  between  the  different 
^nations  have  not  as  yet  been  definitely  settled  in 

cases,  but  it  is  in  the  highest  degree  improbable 
at  any  large  areas  will  be  found  to  consist  of  rocks 
longing  to  periods  other  than  those  mentioned 
ove.*  Associated  with  the  ancient  sediments  we 
A  intrusive  igneous  rocks  of  various  kinds — 
lerite  (diabase),  granite,  quartz-porphyry  (elvan  of 
►mwall),  mica-trap— and  of  different  ages. 
The  texture,  mineralogical  composition,  and  even 
e  original  relations  of  the  sedimentary  and  pre- 
anitic  eruptive  rocks  have  been  profoundly 
>dified  by  the  post -Carboniferous  disturbances. 
Dreover,  both  the  sedimentary  and  pre-granitic 
iptive  rocks  have  been  modified  by  the  intrusion 

the  granite ;  and  the  pre-granitic  intrusive  rocks 

^  In  this  communication  the  rocks  of  the  Lizard  and  Bolt  Head 
tricts  wiU  be  left  out  of  account 
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(dolerites)  have  themselves  produced  alteration  in 
the  sedimentary  rocks.  We  have,  therefore,  contact 
metamorphism  of  different  periods  and  dynamic 
metamorphism,  probably  for  the  most  part  of  post- 
Carboniferous  age,  admirably  represented  in  the 
West  of  England. 

If  we  follow  the  palaeozoic  formations  towards  the 
east,  we  find  them  plunging  beneath  mesozoic 
sediments ;  the  junction  line  representing  one  of  the 
most  striking  unconformabilities  in  the  British  series 
of  stratified  deposits.  That  they  underlie  the 
southern  and  south-eastern  portion  of  England,  and 
constitute  the  floor  on  wtich  the  later  rocks  have 
been  deposited,  is  now  an  established  fact  in  geological 
science.  They  underlie  the  Channel  and  reappear  in 
the  Boulonnais.  Proceeding  still  eastward,  we  find 
their  outcrop  again  interrupted  at  the  surface  by  the 
Cretaceous  rocks  of  the  North  of  France,  beneath 
which  coal  has  been  worked  at  many  points.  They 
are  next  exposed  in  the  Ardennes,  whence  they  may 
be  followed  in  a  broad  belt  across  the  Ehine  into 
Westphalia.  Here  they  again  plunge  beneath  later 
deposits,  reappearing  once  more  in  the  Hartz. 

The  palaeozoic  rocks  which  occur  along  the  zone  of 
territory  above  indicated  are  undoubtedly  portions  of 
an  early  continent,  the  gradual  submergence  of  which 
took  place  during  the  mesozoic  period.  The  building 
of  that  continent  marked  the  transition  from  palaeozoic 
to  mesozoic  time  ;*  and  we  find  the  record  of  the 
process    in    the    foldings,    dislocations,   and    meta- 


*  It  was  commenced  in  later  palseozoic  times,  for  we  find  productive 
coal-measures  resting  unconformably  on  the  older  rocks  in  G^many. 
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morphism  of  the  palaeozoic  sediments,  and  in  the 
intnisions  of  large  masses  of  granitic  rock.  For 
geological  purposes  the  West  of  England  must  be 
studied  in  connection  with  the  allied  districts  in 
France  and  Germany.  The  results  obtained  in  any 
one  portion  of  the  zone  of  territory  above  indicated 
will  be  found  to  have  important  bearings  on  every 
other  portion.  Now  the  main  object  of  the  present 
communication  is  to  call  attention  to  the  important 
results  obtained  by  Professor  K.  A.  Lossen  in  the 
course  of  his  investigations  in  the  Hartz,  so  far  as 
they  bear  on  the  general  questions  of  metamorphism. 

Seqtunce  of  Sedimentary  Formations  in  the  Hartz. 

HBROTNIAN. 

1.  Tanner  greywacke. 

2.  Lower  Wiederschiefer. 

DEVONIAN. 

Lower, 

3.  "  Haupfc-quartzit "  zone. 

4.  Upper  Wiederschiefer. 

5.  "  Haupt-kiesel-schiefer." 

6.  Zorger  schiefer. 

7.  Elbingeroder  greywacke. 

Middle, 

8.  Calceola-beds  and  Stringonocephalus-beda. 

9.  Goslarer  schiefer. 

Upper, 

10.  Iberger  Kalk,  Goniatite-limestone  (Kramenzel  Kalk),  and 

Cypridina  shales. 

CULM-MBASXJRES. 

11.  Kieselschiefer,  with  beds  of   adinole;    whetstones,  grey- 

wacke, and  lenticular  limestones. 

12.  Posidonomyien-schiefer  and  Culm  limestone. 

13.  Clausthal  greywacke. 

14.  Grund  greywacke. 

VOL.  XL  R 
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Sequence  of  Eruptive  Bocks. 

PRB-GRANina 

Granular  diabase  (dolerite). 

Compact  diabase,  with  spherules  of  chlorite  and  caldte,  and 

porphyritic  crystals  of  plagioclase. 
Tuff  or  shalstein  on  Stringonocephalus  horizon. 
Keratophyre. 

GRANITIC. 

Biotite-granite,  hornblende-granite,  quartz-diorite,  augite-diorite, 
gabbro,  and  plagioclase-enstatite  rocks. 

POST-GRANITia 

Quartz -porphyry,     orthoclase -porphyry,     melaphyre     (basalt), 
kersantite. 

The  direction  of  the  main  range  of  the  Hartz*  is  from 
N.W.  to  S.E. ;  but  the  dominant  strike  of  the  beds  is 
from  S.W.  to  N.E.  This  strike  has  been  determined 
by  earth-stresses,  operating  after  the  close  of  the 
Culm-measure  period,  which  have  thrown  the  beds 
into  anticlinal  and  synclinal  folds.  Although  the 
N.E.  and  S.W.  strike  predominates  in  the  Hartz  there 
are  many  local  deviations.  The  more  important  of 
these  appear  to  be  related  to  the  granite  masses. 

Thus  the  anticlinal  axis,  represented  on  Lossen's 
Map  t  by  the  course  of  the  Tanner  greywacke,  takes 
the  form  of  a  bow,  with  its  convexity  towards  the 
S.E.  and  its  concavity  towards  the  Rammberg|  mass 
of  granite.  Lossen  holds  that  the  deviations  from 
the  normal  strike  are  the  result  of  the  interference  of 
two  sets  of  earth-movements  (the  Westphalian  and 
the  Hercynian),  and  that   the  granite-masses  were 


*  An  admirable  account  of  the  geology  of  the  Hartz,  hy  Mr.  Caddell, 
will  be  found  in  the  Proc.  Royal  Physical  Soe,  of  Edinburgh,  viL  1883- 
1885.    This  account  is  illustrated  by  a  map  and  sections, 
t  Geognostische  Ubersichtskarte  des  Harzgebirges,    Scale  x<fiiRn>* 
J  There  are  two  principal  masses  of  granite  in  the  Hartz — the 
Brocken  and  the  Kanimberg. 


issai  and  West  of  England.  225 

squeezed  into  their  present  positions  by  the  forces 
which  produced  the  deviations.  Of  these  two  sets  of 
earth-stresses  the  Westphalian  was  the  earlier,  and 
would  by  itself  have  produced  a  N.E.  and  S.W. 
strike ;  the  Hercynian  was  the  later,  and  would  by 
itself  have  produced  a  N.W.  and  S.E.  strike.  Where 
the  two  sets  have  interfered,  as  in  the  Hartz,  torsion 
has  taken  place,  producing  what  Lossen  has  described 
as  corkscrew  folds.*  By  the  application  of  these 
principles  he  has  endeavoured  to  connect  together 
the  folding,  faulting,  and  metamorphism  of  the  sedi- 
mentary and  pre-granitic  eruptive  rocks ;  the  intru- 
sion of  granitic  rocks  (granite  and  gabbro),  as  well  as 
many  of  the  post-granitic  dykes ;  and  the  distribution 
of  the  cracks  in  which  the  mineral  deposits  occur,  t 
We  are  not,  however,  at  present  concerned  with  the 
general  theory,  but  rather  with  the  special  phenomena 
connected  with  metamorphism.  The  portion  of  the 
Hartz  to  which  we  shall  refer  more  especially  is  that 
in  which  the  Rammberg  mass  of  granite  occurs  (S.E.. 
Hartz).  This  district  has  been  mapped  and  described 
by  Lossen  and  his  colleagues  on  the  Prussian  Geo- 
logical Survey;  and  the  details  given  below  are 
mainly  taken  from  the  explanatory  memoirs  accom- 
panying these  maps.  J 

*  **  tjber  das  Auftreten  metamorphisclier  Gesteine  in  den  alten 
palaozoischen  Qebirgskemen  von  den  Aidennen  bis  zum  Altvaterge- 
birge  mid  iiber  den  Zusammenhang  dieses  Anftretens  mit  den  Fallen- 
verbi^;ung."  (Torsion.)  Sitz,  her,  d,  Gesell.  naturforsch,  Freunde  zu 
Berlin,     1885.     Page  29. 

t  "  Ueber  den  Zusammenhang  zwischen  Fallen,  Spalten,  und  Eruptiv- 
gesteinen  im  Hartz."  Jahr,  d,  kimig.  Preuss,  geoL  Landesanstalt  fur 
1881.     Page  1. 

t  "  Erlauterungen  zur  geologischen  Specialkarte  von  Preussen  und 
den  Thiiringiscben  Staaten."  Sheets — Harzgerode,  Pansfelde,  Leimbach, 
Schwenda,  Wippra^  and  Mansfeld. 
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We  need  not  here  follow  Lossen's  detailed  de- 
scription of  the  comparatively  unaltered  rocks ;  the 
sedimentary  formations  consist  of  clay- slates,  grey- 
wackes,  siliceous  schists,  quartzites,  and  limestones. 

The  only  eruptive  rocks  involved  in  the  meta- 
morphic  processes  which  we  are  about  to  consider 
are  the  diabases  (dolerites)  and  the  granite.  These 
two  rocks  have  played  a  very  different  part  in 
connection  with  the  processes  which  have  folded 
and  cleaved  the  sedimentary  rocks  of  the  Hartz. 
The  diabases  have  been  passive — they  have  been 
folded  with  the  sediments.  The  granites,  on  the 
other  hand,  have  been  brought  into  their  present 
position  by  the  forces  which  have  acted  upon  the 
beds;  not  indeed  by  those  which  have  produced 
the  N.E.  and  S.W.  strike,  but  by  those  which 
have  deflected  the  folds  from  their  normal  direction. 
The  two  rocks  have  similar  relations  in  the  West  of 
England. 

Granular  Diabase. — The  essential  constituents  of 
this  rock  are  plagioclase-felspar  (labradorite),  augite, 
and  titaniferous  iron  ore.  Chlorite  occurs  commonly 
as  an  alteration  product,  and  gives  the  rock  the 
green  colour  which  led  to  the  adoption  of  the  old 
term  greenstone.  Calcspar,  quartz,  and  leucoxene 
also  occur  as  secondary  products.  The  felspar  is 
usually  present  in  forms  giving  lath-shaped  sections, 
and  the  other  constituents  fill  up  the  spaces  between 
the  crystals  of  felspar;  in  a  word,  the  structure  of 
the  rock  is  ophitic.  This  diabase  is  distributed  in 
numberless  patches,  usually  of  small  size,  over  the 
area  occupied  by  the  Lower  Wiederschiefer,  and 
does  not  occur  as  continuous  sheets,  like  the  diabases 
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of  North  Wales  or  like  the  Whin  Sill  in  the  north 
of  England  Corresponding  rocks  occur  in  the  West 
of  England ;  and  Mr.  Ussher,  who  has  been  engaged 
in  re-mapping  portions  of  Devonshire,  has  shown 
tliat  they  do  not  form  such  continuous  bands  as  is 
represented  on  the  old  geological  map,  but  that  they 
occur  in  precisely  the  same  way  as  in  the  Hartz. 

The  granular  diabase  of  the  Hartz,  notwithstanding 
the  fact  that  it  is  an  intrusive  rock,  is  for  the  most 
part  limited  to  a  special  geological  horizon — that  of 
the  Lower  Wiederschiefer.  One  very  remarkable 
feature  is  its  entire  absence  from  the  Tanner  grey- 
wacke,  a  rock  through  which  it  must  have  passed 
if  the  relative  ages  of  the  Tanner  greywacke  and 
the  Wiederschiefer  have  been  correctly  determined. 

Compact  Diabase. — ^The  constituents  of  this  rock 
are  the  same  as  those  of  the  granular  diabase.  Augite 
is  less  conspicuous  and  iron  ores  less  abundant.  The 
texture  is  compact.  Vesicles  filled  with  the  alteration 
products  of  the  rock — calcspar,  chlorite,  and  quartz 
— occur  in  certain  localities  and  give  rise  to  what 
is  known  as  diabas-mandelstein.  Another  special 
variety  is  characterised  by  porphyritic  crystals  of 
plagioclase — diabase-porphyrite.  The  compact  variety 
forms  a  zone  in  the  Upper  Wiederschiefer,  and, 
unlike  the  granular  variety,  occurs  as  true  sheets. 

Granite. — The  main  mass  of  the  Brocken  is  a 
medium -grained  rock  of  a  grey  or  reddish  colour, 
composed  of  reddish  orthoclase,  greenish  plagioclase, 
quartz,  and  dark  mica.  Near  the  borders  the  mass 
becomes  finer  in  grain  and  assumes  more  or  less  the 
character  of  a  quartz-porphyry.  Along  the  south- 
eastern   border   the    mass    becomes    more    basic   in 
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character,  augite  and  hornblende  make  their  appear- 
ance, and  such  varieties  of  rocks  as  the  following 
occur:  homblende-biotite-granite,  augite-homblende- 
granite,  quartz -diorite,  augite- quartz -diorite,  augite - 
diorite,  diorite,  and  quartz -biotite- augite -gabbro. 
These  rocks  are  intermediate  in  character  between 
the  granite  of  the  Brocken  and  the  gabbro  of  Harz- 
burg,  which  occurs  on  the  N.W.  of  thp  granite.  It 
will  be  observed  that  the  granite  of  the  Brocken 
diflfers  from  the  i  principal  masses  in  the  West  of 
England  in  the  absence  of  white  mica.  It  resembles 
them,  however,  in  the  occurrence  of  tourmaline  and 
occasionally  fluorspar,  in  the  border  rocks. 

The  granite  of  the  Rammberg  is  a  medium-grained 
rock,  composed  of  white  felspar,  mostly  orthoclase, 
grey  quartz,  and  brownish-black  mica,  with  which 
scales  of  white  mica  are  often  associated.  The  white 
mica  is  not  conspicuous,  but  it  was  sufficient  to  lead 
G.  Rose  to  class  the  rock  with  his  true  granites, 
not  with  his  granitites.  The  usual  transition  to 
granite-porphyry  may  be  obser\'^ed  at  the  borders, 
and  also  the  coming  in  of  tourmaline  and  fluor- 
spar. 

We  are  now  in  a  position  to  consider  the  various 
types  of  metamorphism  observed  in  the  district. 


CONTACT  METAMORPHISM. 

DUE  TO  DIABASE, 

The  intrusion  of  the  granular  diabase  has  been 
accompanied  by  a  change  in  the  character  of  sur- 
rounding  rocks.      The   first  change   is  seen  in   an 
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induratioii  of  the  rock,  and  a  decrease  in  its  fissility. 
Sometimes  the  change  stops  here;  more  frequently 
a  compact,  splintery  rock,  fusible  at  the  edges  of  thin 
chips,  and  of  a  light  grey  or  greenish-grey  colour,  is 
produced.  Sometimes  the  colour  is  dark -grey,  or 
even  a  bluish-black.  Under  the  microscope  this  rock 
may  be  resolved  into  a  micro-crystalline  mosaic  of 
quartz  and  albite,  in  which  a  few  crystals  of  pyrites 
are  usually  embedded.  One  special  feature  of  the 
rock  is  its  mode  of  weathering ;  a  thin  white  crust, 
sharply  defined  from  the  rest  of  the  rock,  is  pro- 
duced. This  rock  is  termed  adinole.  Other  varieties 
of  contact-rock  have  been  termed  spilosite  and  des- 
moisite.  These  are  softer  than  adinole ;  they  contain 
less  quartz.  Chlorite,  sericite,  and  iron  ores,  partially 
altered  to  leucoxene,  as  well  as  albite,  may  be  re- 
cognized under  the  microscope.  Typical  spilosite 
is  characterised  by  the  occurrence  of  roundish  or 
elliptical  spots  from  1  to  3  mm.  in  diameter.  These 
spots  are  rich  in  chlorite.  When  the  spots  coalesce 
to  form  bands  we  have  the  variety  known  as 
desmoisite. 

De  la  Beche,  in  his  Report  on  the  Geology  of  Devon 
and  Cornwall  (page  267),  refers  to  the  alteration 
effected  by  the  "greenstone;"  but  so  far  as  I  am 
aware  no  detailed  observations  have  as  yet  been  made 
with  reference  to  this  subject.  Adinole,  spilosite, 
and  desmoisite  do  not  appear  to  have  been  recognised 
in  the  West  of  England. 

DUE  TO   GRANITE. 

The  area  affected  by  the  granite -mass  of  the 
Rammberg  may,  as  a  rule,  be  divided   into  three 
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zones,  representing  a  gradual  increase  in  the  amount 
of  metamorphism  as  the  granite  is  approached : — 

(a)  KnotenHschiefer  zone. 

(5)  Homfels  zone. 

(c)  Mica-flchist-like  Homfels.* 

The  breadth  of  the  entire  area,  as  well  as  that  of 
each  zone,  is  not  constant  round  the  granite.  It 
depends  on  the  slope  of  the  upper  surface  of  the 
granite  beneath  the  actual  surface  of  the  ground. 
Thus  in  the  case  of  the  Eammberg  mass  it  is  much 
greater  on  the  S.W.  than  on  the  N.E.  Owing  to  the 
fact  that  the  granite  in  many  places  cuts  across  the 
strike,  the  number  of  rocks  brought  within  its 
influence  is  much  greater  than  in  the  case  of  the 
diabase.  The  different  kinds  of  rock  show  differ- 
ences as  regards  facility  of  alteration.  Calcareous 
rocks  are  most  easily  affected ;  next  in  order  come 
the  clay-slates;  next  to  these  the  greywackes;  and 
last  of  all  the  quartzites  and  other  siliceous  rocks.t 
The  dominant  rock  in  the  neighbourhood  of  the 
Rammberg  mass  is  clay-slate ;  hence  the  contact- 
zones  mentioned  above  are  defined  with  special  refer- 
ence to  this  rock. 

If  now  we  compare  the  granites  and  their  effects 
in  Cornwall  and  in  the  Hartz,  we  are  struck  with 
many  points  of  resemblance  and  difference.  The 
granites  of  Cornwall  are  essentially  muscovite-biotite- 


*  The  term  Homfels  is  used  generally  for  rocks  from  the  inner  zones 
of  granite-contact  areas  irrespective  of  composition  and  to  a  certain 
extent  even  of  structure. 

t  E.  Kayser,  "  Uber  das  Spal  ten -system  am  S.W. — Abfall  des 
Brocken-massivs.''  Jahr.  d,  k.  Preuss.  geoL  Land^sanstalt  fur  1881. 
Page  422. 
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granites,  whereas  in  those  of  the  Hartz  muscovite 
plays  a  secondary  part ;  it  is  absent  from  the  main 
mass  of  the  Brocken,  and  occurs  sparingly  in  that 
of  the  Rammberg. 

The  general  effect  of  the  granites  of  the  West  of 
England  appears  to  have  been  much  less  than  that 
of  the  corresponding  rocks  of  the  Hartz.  Knoten- 
schiefer,  andalusite-homfels,  tourmaline-homfels,  and 
mica-schist-like  rocks,  are,  however,  known  to  occur 
in  both  localities,  and  to  bear  similar  relations  to 
each  other  and  to  the  granite.  The  diabase-homfels 
of  both  localities  are  substantially  identical.  As 
r^[ards  the  breadth  of  the  contact  zone  round  the 
granite-masses  of  Devon  and  Cornwall,  we  have  no 
satisfactory  information.  This  is  unfortunate,  because 
the  breadth  of  the  contact  zone,  other  things  being 
equal,  is  dependent  on  the  slope  of  the  upper  surface 
of  the  granite  beneath  the  actual  surface.  It  is  an 
indication  of  the  direction  in  which  the  granite 
extends,  and  possibly  of  that  from  which  it  came. 


REGIONAL  METAMORPHISM. 

The  sedimentary  and  pre-granitic  eruptive  rocks 
of  the  Hartz  and  of  the  West  of  England  have  not 
only  been  affected  by  contact  metamorphism,  but 
also  by  dynamic  (regional)  metamorphism.  According 
to  Lossen,  the  latter  kind  of  metamorphism  is 
especially  characteristic  of  those  zones  where  the 
pressure  which  produced  the  Hercynian  folds  (N.W. 
and  S.E.)  has  operated  on  the  beds  already  stiffened 
by  the  Westphalian  folding  (N.R  and  S.W.).  One 
of  the  most  important  of  these  zones  is  in  the  S.E. 
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Hartz,  and  from  that  area  our  deacriptioD  of  the 
effects  produced  on  the  sedimentary  >  and  eruptive 
rocks  will  mainly  be  taken.  The  rocks  affected  belong 
for  the  most  part  to  the  group  known  as  the  Wieder- 
schiefer.  They  are  therefore  of  the  same  age  and 
character  as  those  which  have  furnished  illustrations 
of  contact  metamorphism. 

The  area  of  regional  metamorphism  in  the  S.E. 
Hartz  is  especially  characterized  by  two  well-marked 
features — (1)  the  clay-slates  are  much  more  distinctly 
crystalline,  and  consequently  possess  the  character  of 
phyllites ;  (2)  the  rocks  are  traversed  by  segregations 
of  white  granular  quartz,  with  which  albite  is  often 
associated. 

The  quartz-albite  segregations  may  occur  in  thick 
lenticles  or  flat  strings  between  the  planes  of 
schistosity  or  bedding,  or  in  the  form  of  veins 
cutting  across  the  bedding.  The  area  of  meta- 
morphism is  indicated  on  Lossen's  map  of  the  Hartz 
by  two  lines — the  one  representing  the  northern 
limit  of  the  quartz -veins,  the  other  that  of  the 
district  in  which  the  clay-slates  take  on  the  character 
of  phyllites.  These  two  lines  very  nearly  coincide. 
It  is  especially  worthy  of  note  that  they  do  not 
correspond  with  any  definite  geological  horizon. 
They  indicate  the  distribution  of  certain  structural 
and  mineralogical  featoes,  which  owe  their  origin 
to  physical  causes.  The  dynamic  metamorphism 
becomes  more  and  more  pronounced  as  we  proceed 
from  the  above  lines  towards  the  S.E.  border  of  the 
Hartz,  and  extends  right  up  to  the  boundary  line 
which  separates  the  older  rocks  of  the  Kemgebirge 
from   the   newer  rocks  of  the   Flotzgebirge.     The 
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aveiage  dip  of  the  beds  increases  from  25**  to  30**, 
until  it  becomes  perpendicular  and  even  reversed ; 
and  the  zone  of  steepest  dip,  like  that  of  regional 
metamorphism    as   defined    by  the    distribution   of 
quartz  -  albite  veins,    does    not    keep    to    any    one 
geological   horizon,   but  crosses   the   general  strike, 
80  as  to  pass  from  older  to  newer  rocks  in  its  course 
from  W.  to  K     In  other  words,  the  general  course  of 
the  line  of  steepest  dip  is  about  W.S.W.  and  KN.R, 
whereas  the  strike  of  the  beds  is  about  S.  W.  and  N.E. 
We  will  now  consider  the  petrographical  characters 
of  the  rocks  within  the  area  of  regional  metamor- 
phism.    The  change  is  in  all  cases  gradual,  so  that 
the  lines  above  referred  to  have  only  an  approximate 
value.      The  clay -slates  become   lighter   in  colour. 
SUver-grey,  greenish-yellow,  yellowish-grey,  green  or 
red  tints  become  common.    The  lustre  on  the  cleavage 
planes  is  greatly  increased.     Under  the  microscope 
sericite  is  seen  to  be  more  distinctly  developed  than 
in  the   normal  clay-slates;    chlorite,  hematite,   and 
more  rarely  gothite  may  be  recognised,  the  last  two 
occurring  in    the   reddish    and   brownish    varieties. 
Between  the  phyllitic  minerals  (sericite,  chlorite,  &c) 
a  granular  micro-crystalline  mosaic  of  quartz,  and 
probably  also  felspar   (albite),  may  be   recognised. 
This  is  especially  the  case  in  those  rocks  which  are 
intermediate   in   character   between   clay -slate   and 
greywacke.  ^  Well -formed    rhombs    of    carbonates 
occur  in  thik  mosaic     In  the  coarser  grained  rocks 
original  clastic  fragments  of  quartz  and  felspar  may. 
still    be   recognised.      Where    rocks    of    the   above 
character  have   been   formed  we  find   folding  and 
puckering  on  a  minute  scale.     The  microscopic  folds 
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often  pass  over  into  faults,  and  we  then  have  trans- 
verse -  cleavage  produced  (Sorby 's  joint  -  cleavage, 
Heim's  ausweichungs-cleavage,  Bonney's  strain-slip 
cleavage). 

The  quartzites  of  the  "  Haupt-quartzit"  zone 
become  schistose  and  are  traversed  by  quartz-veins. 
They  often  show  puckering  and  transverse -cleavage. 
In  the  zone  of  the  Upper  Wiederschiefer  there  occurs 
a  band  of  witie-red  or  violet -red  slates  containing 
manganese.  In  the  metamorphic  area  this  band  is 
traversed  by  quartz-veins  containing  carpholite  (sili- 
cate of  alumina  and  manganese).  The  carpholite  occurs 
in  parallel  fibres  or  rods.  The  longer  axes  of  the  fibres 
lie  across  the  quartz-veins.  The  colour  of  the  mineral 
is  clear  green  or  greenish-yellow.  By  alteration  an 
aluminous  silicate  may  be  left  as  a  pseudomorph 
after  the  carpholite,  while  the  manganese-oxide  may 
crystallize  in  hollow  spaces  as  braunite.  The  carpholite- 
zone,  as  it  is  called,  runs  parallel  with  the  south-east 
border  of  the  Hartz. 

The  zone  of  the  compact  diabases  (Upper  Wieder- 
schiefer) is  represented  in  the  metamorphic  area  by 
the  so-called  green  schists.  These  are  not  so  much 
true  schists  as  thick  platy  rocks  which  sometimes 
have  B,Jlaser  or  a  banded  structure.  They  are  fine- 
grained or  compact,  and  have  dark  green,  greyish- 
gi-een,  or  yellowish-green  colours.  Chlorite,  actinolitic 
or  amianthus-like  hornblende,  epidote,  albite,  calcspar, 
quartz,  titaniferous  iron  ore,  leucoxene,  hematite, 
magnetite,  white  mica,  iron  and  copper  pyrites,  and 
malachite,  occur  in  them.  The  last  three  are, 
however,  only  found  in  certain  varieties.  The  others 
play  a  more  or  less  important  part  in  the  composition 
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of  the  rocks,  but  they  do  not  all  occur  together. 
Thus  hornblende   and   chlorite   replace   each   other, 
and  it  is   often  impossible  without  the  microscope 
to  decide  which  of  the  two  minerals  is  present  in 
any  given  rock.     In  this  respect,  as  in  many  others, 
these  rocks  are  substantially  identical  with  many  of 
the  Cornish    greenstones    described    by   Mr.    John 
Arthur  Phillips  and  others.     The  determination  of 
the  precise  mode  of  origin  of  these  rocks,  both  in 
Cornwall  and  the  Hartz,  is  attended  with  considerable 
difficulty.      That   they   represent  original    eruptive 
material  of  basic  composition  is  beyond  all  doubt,  but 
whether  a  given  rock  is  an  altered  basalt  or  basaltic 
tuff  is  in  many  cases  incapable  of  precise  determination. 
The  Zorger  schiefer,  consisting  of  clay-slate,  with 
intercalations  of  kieselschiefer  and  greywacke,  come 
within   the   zone   of   regional   metamorphism.     The 
clay-slates   have  been   changed   to   phyllites    which 
possess   a   very   high    degree    of    lustre,   and    even 
resemble  mica-schists.     They  consist  of  fairly  well- 
developed  mica,  with  which  is  associated  some  scaly- 
fibrous   sericite    and    quartz.      A    green    or    brown 
pleochroic  mica  is  also  present.      Rutile,  hematite, 
chlorite,  and  tourmaline  also  occur,  but  not  abun- 
dantly. 

The  kieselschiefer,  as  might  naturally  be  expected, 
does  not  suffer  any  important  alteration  ;  but  the 
greywacke  is  exceptionally  interesting.  It  forms  a 
band  running  close  to  and  parallel  with  the  S.E. 
border  of  the  Hartz.  In  its  modified  form  Lossen 
describes  it  as  a  gneissose  greywacke-schist.  The 
principal  macroscopic  feature  of  this  rock,  and  the 
one  which  distinguishes  it  from  normal  greywackes, 
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is  the  possession  of  the  flaser  structure  so  character- 
istic of  regional  metamorphic  areas.  This  shows 
itself  on  a  surface  in  wavy  streaks  (fla&er),  which 
inosculate  and  enclose  elliptical  patches  with  tail-like 
endings  (phacoids  of  Professor  Lapworth).  In  the 
gneissose  gre)rwacke  the  flaser  are  formed  of  sericite, 
white  mica  of  a  more  definitely  crystalline  character, 
chlorite,  and  opaque  particles.  The  phacoids  are 
formed  of  the  original  clastic  fragments  of  quartz 
and  felspar  and  a  mosaic  of  secondary  quartz  and 
felspar.  The  secondary  felspar  is  distinguished  by 
its  freshness,  and  by  the  fact  that  the  individual 
grains  are  interlocked  with  the  grains  of  quartz  just 
as  these  are  with  each  other.  Very  frequently  the 
phacoids  are  entirely  occupied  by  the  secondary 
mosaic  Sometimes  the  new  felspar  forms  a  zone 
round  the  old,  with  which  it  is  then  seen  to  be  in 
optical  continuity.  The  other  constituents  of  the 
rock  are  epidote  in  small  grains  and  crystals,  titanite, 
iron  ores  with  titanite  borders,  zircon,  and  carbo- 
naceous particles. 

Quartz  veins  containing  albite  and  chlorite  occur 
both  in  the  metamorphosed  greywackes  and  in  the 
phyllites  of  the  Zorger  Schiefer. 

We  have  now  to  refer  very  briefly  to  the  characters 
assumed  by  the  granular  diabases  within  the  area  of 
regional  metamorphism.  Taking  the  district  as  a 
whole,  every  stage  in  the  transition,  from  a  massive 
rock  to  a  schist,  may  be  found.  The  intermediate 
stages  are  represented  by  rocks  possessing  flaser 
structure.  These  are  common  in  the  area  under 
consideration.  The  change  in  texture  is  accompanied 
by  important  changes  in  mineralogical  composition 
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and  microscopic  structure.     The  felspars  giving  lath- 
shaped  sections  become  broken  up,  and  more  or  less 
replaced  by  a  water-clear  granular  aggregate  (mosaic) 
of  secondary  felspar.     Epidote  sometimes  makes  its 
appearance  in   connection   with   this   change.     The 
angite  becomes  replaced  by  hornblende  or  chlorite. 
Thus  a  diabase  (dolerite)  may  become  converted  into 
a  chlorite,  or  hornblende-schist.     One  of  the  most 
extreme  results  of  the  metamorphism  may  be  seen  in 
an  old  quarry  at  Neue  Gehege.  Here  a  light  greenish, 
greenish-grey,  or  silvery-grey  schist  has  been  formed 
by  the  modification  of  a  diabase  which  has  produced 
contact  alteration  in  the  surrounding  slates.     Trans- 
itional forms  may  be  collected  in  the  quarry.     Under 
the  microscope  the  schist  at  first  sight  appears  to 
consist  almost  entirely  of  minute  spear-like  needles 
of  hornblende.   Sometimes  these  needles  are  arranged 
irregularly,  and  sometimes  in  parallel  sets,  the  angles 
between  which  are  those  of  the  prisms  and  pinacoids 
of    augite.      Fragments    of    original    augite    occur. 
Primary  and  secondary  felspar  are  rare. 

It  is  instructive  to  compare  the  general  effects  of 
contact  and  dynamic  metamorphism.  Both  tend  to 
obliterate  the  distinguishing  characteristics  of  igneous 
and  sedimentary  rocks.  Contact  metamorphism  will 
convert  a  clay-slate  into  a  massive  crystalline  rock ; 
dynamic  metamorphism  will  convert  a  massive  dolerite 
into  a  slaty  rock.  The  development  of  a  brown 
ferriferous  mica  both  in  sedimentary  and  basic  igneous 
rocks  is  a  special  feature  of  contact  action.  In  areas 
of  regional  metamorphism,  such  as  the  S.E.  Hartz, 
sericite  is  largely  developed  in  the  sedimentary  rocks 
at  the  expense  of  felspar ;  brown  mica  is  scarce. 


238  Metamorphism  in  the  Hartz.  [Nov.  i, 

Axinite,  tourmaline,  and  fluorspar  are  special 
minerals  characteristic  of  contact  alteration.  The 
formation  of  quartz  veins  containing  albite,  carpholite, 
calcspar,  chlorite,  is  equally  characteristic  of  areas 
aflfected  by  dynamic  metamorphism.  The  mineral 
associated  with  the  quartz  in  these  veins  is  related 
in  composition  to  the  surrounding  rocks;  6.gr.,  car- 
pholite in  slates  containing  manganese,  calcspar  in 
limestones,  and  chlorite  in  diabases. 

No  systematic  observation  of  the  areas  affected 
by  dynamic  metamorphism  has  as  yet  been  made 
in  the  West  of  England,  and  we  are  therefore  unable 
to  say  whether  they  occupy  the  same  positions  in 
relation  to  granite  masses  and  to  deviations  in  the 
normal  strike  as  they  do  in  the  Hartz,  according  to 
Lossen.  It  is,  however,  instructive  to  note  that  one 
district  of  excessive  alteration  exists  in  the  neighbour- 
hood of  Tintagel,  and  that  in  this  locality  the  E.  and 
W.  strike  is  replaced  by  one  extending  nearly  N.  ani 
S.  Here  we  find  the  ottrelite-phyllites  and  the  highly 
schistose  igneous  rocks  described  by  Mr.  Hutchings. 
Tintagel  is  also  a  recognised  locality  for  albite. 


ON  A  SPECIMEN  OP  BANDED  SERPENTINE 
FROM  THE  LIZARD,   CORNWALL 

By  Frank  Rutley,  f.g.s. 

(Re«d  l8t  November,  1889.) 


The   specimen    of    serpentine    here    described    was 

collected    by    Sir    Warington    Smyth,    F.R.S.,    and 

is  remarkable    on    account    of    the    evenness    and 

parallelism   of  the  banding  which  it  exhibits.      In 

colour  it   is   dark  green,  in   places   greenish -black, 

with  a  considerable  admixture  of  deep  red,  the  latter 

colour  appearing  in  bands  about  J  inch  in  breadth. 

Through  this  darker  material  of  the  specimen  there 

^n  bands  of  a  paler  green  or  greenish-grey  tint, 

Which   under  a   pocket-lens   are   seen   to  consist  of 

green  matter  with  minute  white  or   greyish -white 

Bpecks. 

Under  the  microscope  the  general  structure  of 
the  rock  is  seen  to  be  distinctly  fragmental  (cata- 
clastic).  The  fragments  are  exceedingly  small,  and 
consist  of  olivine,  anorthite,  and  hornblende,  with 
some  magnetite,  and  apparently  a  very  little  chromite. 
The  remainder  of  the  rock  which  envelopes  these 
small  fragments — one  might  almost  say,  these  par- 
ticles of  dust — consists  of  serpentine,  and  the  same 
substance  traverses  the  rock  in  very  minute  veins, 
which  are  for  the  most  part  at  right  angles  to  the 
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banding,  and  must  be  regarded  as  the  infilling  of 
diminutive  cracks  which  originated  from  stresses 
which  occurred  after  the  production  of  the  banding. 

The  fragments  of  anorthite  crystals  frequently 
give  an  extinction  angle  approximating  to  40''  in 
sections  parallel  t^  010. 

The  hornblende  is  of  a  pale  brown  colour.  Its 
pleochroism  is:  a = pale  brownish -yellow,  6= pale 
reddish -brown,  c  =  slightly  deeper  reddish -brown^ 
The  absorption  being:   c7h7a. 

No   distinct   crystals    of   hornblende   are   presents 
in  the  section  examined,  but  only  fragments,  som& 
of  which  show  the  usual  prismatic  cleavages  inter- 
secting at  124°  30'.     The  olivine  is  in  great  part^ 
altered   into   serpentine.     The   magnetite   occurs  vm^ 
very  small  irregularly-shaped  grains,  and  some  smaW- 
grains   which    appear    of   a   deep    brownish -red  hy^ 
transmitted  light  are  probably  chromite.     There 
also   rusty  stains   in   various   parts   of   the   sectioi 
suggestive  of  the  presence  of  ferric  oxide. 

Apart  from   the  serpentine,  the   fragments   com — 
posing  the  rock  are,  as  already  stated,  of  exceedingly" 
small  dimensions,  mechanical  stresses  having  brought? 
about  a  complete  trituration  of  the  original   rock ; 
and   although    here    and    there   adjacent    fragments 
are   seen    to    be    parts    of    the    same  crystal    since 
they  undergo  extinction  simultaneously,  yet  in  most 
instances   these    are    only   fragments   of    crystals — 
chiefly  of  olivine — which   have  apparently   escaped 
fracture,  or  at  all  events  displacement  of  the  parts 
of  the  crystal,  but  which  now,  owing  to  the  subse- 
quent formation  of  serpentine  along  the  walls  of  the 
irregular  fissures  by  which  such  crystals  are  usually 


18M.1  from  the  Lizard^  Cornwall.  241 

traversed,  have  assumed  a  fragmental  aspect.*  The 
serpentine  in  places  exhibits  the  well-known  mesh 
structure  characteristic  of  the  alteration  of  olivine, 
but  m  other  parts  of  the  section  a  tendency  towards 
the  grid  structure  may  be  noted,  suggestive  of  the 
alteration  of  amphibole. 

Taking  one  character  with  another,  there  seems 
no  doubt  that  in  this  particular  case  we  have  an 
extreme  example  of  the  mechanical  deformation  of 
an  anorthite-gabbro,  or  of  some  eruptive  rock  occupy- 
ing in  mineral  constitution  a  position  between  corsite* 
and  troctolite. 

*  Synonymous  with  Napoleonite  or  orbicular  syenite. 


A   GEOLOGICAL   NOTE 

By  Nicholas  Whitlky. 

(Resd  lat  November,  1889.) 


During  the  past  few  years  I  have  had  many  oppor- 
tunities of  observing  the  sections  of  the  ground 
exposed  by  excavating  for  the  foundations  of  the 
houses  on  a  line  from  the  School  of  Art  at  Penzance 
southward  to  the  sea.  Sections  of  from  four  to  six 
feet  in  depth  exposed  under  the  surface  soil  a  bed  of 
pebbles  and  small  boulders  of  quartz,  trap,  granite, 
and  various  elvans  confusedly  mixed  in  a  matrix  of 
sandy  loam. 

If  the  sea  had  worn  back  the  land  at  this  place, 
so  as  to  have  exposed  this  stratum  in  a  cliff,  it  would 
probably  have  been  described  as  a  "  raised  beach." 

Further,  from  geological  evidence  it  is  certain  that 
the  coast-line  on  this  part  of  the  bay  (as  well  as  at 
other  places)  has  to  a  very  considerable  extent  been 
eroded  by  the  action  of  the  sea,  as  is  conclusively 
illustrated  by  the  naked  patches  of  the  top  of  an 
elvan  course  exposed  at  low-water,  extending  firom 
the  town  quay  to  the  Wherry  Eocks;  and  also  by 
the  beautiful  variety  of  pebbles  of  trap  and  elvan 
found  on  the  present  beach,  which  are  probably  sea- 
worn  specimens  of  the  pebble-bed  before  describedL 
Of  these  beach  pebbles  1  forward  specimens. 
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in  the  foregoing  lists. 


THE  ANNUAL  MEETING. 

Thi  Rev.  Prebendary  HEDGELAND,  Senior  Vice-President, 

in  the  Chair, 


I^  Chaizman  remarked  that  it  was  with  feeliogs  of  very  profound 
I'Bgiet  that  he  found  himself  in  the  position  of  Chairman.  Of. 
^otxne,  the  great  cause  of  that  regret  was  the  fact  which  necessitated 
'^  an  arrangement.  They  met  that  day — he  did  not  know  that 
^^)i  a  thing  had  happened  before  in  the  history  of  the  Society — 
*^thout  a  President.  He  need  hardly  say  that  the  loss  of  their 
^^^^dent  was  an  exceedingly  great  loss;  in  fact,  it  was  almost 
*>eparable.  He  did  not  think  that  they  would  be  able  to  find 
Mother  man  so  well  qualified  in  all  respects — by  position,  know- 
^ge,  experience,  and  manners — to  fill  the  chair  now  vacant 
^ey  had  had  the  assistance  of  Sir  Warington  Smyth  for  a  great 
iximber  of  years — nearly  twenty — as  President  of  the  Society. 
4r.  Hedgeland  had  not  the  qualifications  and  the  knowledge 
^hich  were  necessary  to  compare  him  with  the  eminent  men  who 
^receded  him ;  but  he  apprehended  that  the  chair  had  never  been 
Qled  by  one  more  completely  fitted  to  occupy  it,  by  virtue  of 
cientific  knowledge  and  other  acquirements.  They,  at  all  events, 
mew  how  he  presided  over  their  meetings.  They  knew  how 
»very  remark  that  was  made,  and  every  paper  that  was  read,  in  the 
course  of  their  business,  at  once  found  its  proper  place  and 
eceived  its  proper  appreciation  from  him.  There  was  no  part  of 
he  knowledge  which  fell  within  the  province  of  the  Society  in 
ffhich  he  was  found  wanting,  while  his  genial  manners  always 
nade  it  pleasant  to  be  in  his  company.  They  had  indeed  sustained 
i  loss  which  was  perhaps  irreparable;  but,  at  any  rate,  they 
retained  grateful  recollections  of  his  services,  and  hoped  that  the 
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work  which  he  had  done,  there  and  elsewhere,  would 
thrown  away,  but  would  leave  its  mark  in  the  world.  "Mt. 
land  then  read  an  "In  Memoriam''  notice  of  Sir  War 
written  by  an  old  pupil ;  and  remarked  that  they,  from  th( 
experiences,  could  endorse  much  that  was  contained  in  it. 

The  Chairman,  after  regretting  his  own  want  of  knowh 
the  sciences,  added  that  their  Society  had  a  great  reputatioi 
very  good  record,  and  possessed  something  like  an  income, 
as  a  home  of  its  own.  It  was,  in  his  opinion,  a  pity  that  a  i 
with  such  advantages,  which  included  the  possession  of  a  v 
library  and  museum,  should  not  do  a  little  more  than  me< 
a  year  and  listen  to  some  papers,  which  were  doubtless  va 
but  which  probably  would  not  be  lost  to  the  world  even 
Society  did  not  print  them.  He  thought  it  would  be  very  d< 
for  the  Society  to  engage  in  some  actual  teaching  work 
county,  either  in  the  immediate  neighbourhood  of  Penzance 
that  place  as  their  headquarters  for  the  work,  or  by  lect 
other  parts  of  the  county.  This  he  said,  notwithstandL 
recent  opening  of  the  new  Science  Schools,  which  they  all 
would  be  productive  of  good  results.  But  those  Schools  c 
the  whole  ground  of  science ;  and  as  this  Society  was  confi 
Geology  and  Mineralogy,  he  thought  that  some  active  work 
still  be  found  for  it 
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^  presenting  their  Seventy-seventh  Annual  Eeport,  the  Council 
^  more  than  ordinarily  moved  by  the  consideration  of  the  severe 
bosses  which  the  Society  has  sustained  during  the  past  twelve 
tilths.  It  has  not  happened  for  very  many  years,  if  at  all,  that 
^y  have  had  the  misfortune  to  lay  before  the  members  so 
iifiportant  a  death-rolL 

The  greatest  loss,  and  one  which  is  a  heavy  blow  to  the  Society, 
^  that  of  its  able  and  honoured   President,  who  from  the  year 
1857,  when  he  first  became  a  member,  has  taken  a  keen  interest 
^  its  affairs.      No  less  than  eight  times  was  he  elected,  or  re- 
elected, its   chief  officer,   occupying  the   Presidential   chair  first 
^it>iD  the  Annual  Meeting  in  1871  to  that  of  1879,  and  again 
from  that   of   1883   to   the  present  year.      He  was  particularly 
attached  to  the  county  of  Cornwall ;  and  whenever  he  could  find 
^lie  opportunity  would,  with  his  family,  take  up  his  abode,  for  a 
Period  of  comparative  holiday,  at  Marazion.     '*  Few  men,"  says  a 
^^^cent  writer,  "were  more  intimate  with  the  mineralogy  of   the 
'^orld    than    Sir    Warington    Smyth.      His    knowledge    of    the 
Mineralogy  and  geology  of  Cornwall  was  perhaps  more  profound 
tlian  that  of  any  of  his  contemporaries ;  and  the  master  of  a  lucid 
^tyle,  he  was  able  to  speak  interestingly  on  his  subject.**     Our 
Transactions  have   been   enriched   by   his    valuable  papers   and 
addresses ;  and  those  who  have  listened  to  his  learned  discourses, 
or  his  ready  replies  in  discussion,  will  not  easily  forget  his  flow  of 
language  and  happy  manner.     He  was  born  at  Naples  on  August 
28th,   1817,  and  was  the  eldest  son  of  Admiral  W.   H.  Smyth, 
D.ci^,  r.R.s.,  the  eminent  writer  on  Physical  Geography.     He  was 
educated  at  Westminster,  Bedford,  and  Trinity  College,  Cambridge, 
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where  he  took  his  B.A.  degree  in  1839,  and  M.A.  in  1844. 
He  travelled  mach,  studying  the  mineral  products  and  mining 
industries  of  Germany,  Austria,  Hungary,  Turkey,  and  Asia 
Minor,  acquiring  a  practical  knowledge,  which  throughout  his 
life  rendered  him  one  of  the  greatest  authorities  upon  these 
subjects.  He  served  in  the  Geological  Survey  from  1845  to  1857, 
about  which  time  he  was  made  inspector  of  Crown  minerals,  having 
become  mineral  surveyor  to  the  Duchy  of  Cornwall  in  1852.  On 
the  formation,  in  1851,  of  the  Eoyal  School  of  Mines  in  Jermyn 
Street,  he  became  lecturer  on  mineralogy  and  mining.  He  was 
one  of  the  honorary  secretaries  of  the  Geological  Society  &om 
1856  to  1866,  in  which  latter  year  and  the  year  following  he  was 
President.  He  was  also  Foreign  Secretary  for  sixteen  years.  In 
1879  he  was  appointed  Chairman  of  the  Eoyal  Commission  on 
Accidents  in  Mines,  which  held  a  most  exhaustive  enquiry  until 
1886,  when  a  voluminous  and  valuable  report  was  presented.  It 
was  in  recognition  of  conspicuous  services  rendered  to  the  country 
that  the  Queen,  in  1887,  conferred  the  honour  of  knighthood 
upon  him.  Of  late  Sir  Warington  had  been  in  failing  health ; 
but  up  to  the  fatal  hour  he  was  able  to  work  at  his  favourite 
subjects,  though  in  a  modified  degree.  The  end  came  suddenly. 
He  died  in  his  study  on  June  19th  last,  at  his  London  residence, 
5,  Inverness  Terrace.  In  accordance  with  his  own  wish,  he  was 
buried  in  Cornwall,  on  25th  of  the  same  month,  at  St  £rth, 
where  bis  remains  were  followed  to  the  grave  by  a  very  large  and 
sorrowful  concourse  of  persons  of  all  classes  from  far  and  near. 

The  following  resolution  was  shortly  afterwards  entered  in  the 
I^Iinute  Book  of  the  Society : 

**  Kesolvcd  that  the  Council,  specially  convened  for  the  purpose, 
di'sire  to  expnvss  tbeir  deep  sorrow  at  the  death  of  the  President. 
For  nearly  twenty  years  Sir  Warington  Smyth  occupied  the 
IVsidoutial  chair,  bringing  to  the  discharge  of  the  duties  of  the 
othce  an  experience,  a  wealth  of  knowledge,  and  a  varietr  of 
attainments  which  conferred  distinction  on  the  Society ;  whilst  his 
unvarYiug  kiudnoss  and  urbanity  rendered  it  always  a  ple«sai« 
to  be  associated  with  him.     The  loss  to  the  Society  is  weQ-ni^ 
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[e;  and  throughout  the  county,  which  he  loved  so  well, 
he  will  be  moumed  by  hosts  of  friends — won  no  less  by  his  large 
knowledge  than  by  the  courtesy  and  readiness  with  which  he 
habitually  imparted  it" 

It  was  further  resolved : 

*<That  a  copy  of  the  foregoing  resolution  be  forwarded  to  Lady 
Smythy  and  that,  subject  to  her  approval,  the  Council  desire  to 
propose  her  for  election  as  an  Honorary  Member  of  the  Society, 
in  grateful  recognition  of  the  invaluable  services  rendered  by  her 
late  husband." 

We  have  to  lament  the  loss  also  of  the  oldest  member  of  the 
Society,  and  one  who,  so  long  as  he  was  able,  took  part  in  its 
proceedings — Mr.  Bolitho,  of  Trewidden.  His  name  first  appears 
on  the  roll  in  1846,  from  which  time  he  was  a  firm  supporter  of 
the  Society.     He  died  on  April  24th  last 

Another  old  and  valued  member  who  has  passed  away  is  Captain 
Bedford,  r.n.  He  first  joined  the  Society  in  1836,  but  was  not 
continuously  a  member  from  that  time,  having  retired  for  a  few 
years,  and  then  again  resumed  his  connection  with  it,  a  connection 
only  broken  by  his  death,  which  happened  on  June  5  th  of  this 
year. 

Shortly  after  the  last  Annual  Meeting  one  of  an  honoured 
name,  Mr.  Borlase,  of  Castle  Homeck,  was  gathered  to  his  fathers, 
on  December  4th. 

Tet  another  death  must  be  recorded — the  most  recent — that  of 
Mr.  Thomas  Cornish,  who  from  the  time  of  his  first  taking  up  his 
residence  in  Penzance  interested  himself  in  most  of  the  local 
institutions,  and  especially  in  this  Society.  He  was  a  very 
regular  attendant  at  its  meetings,  and  his  varied  knowledge  on 
many  subjects,  added  to  a  genial  manner  and  a  fluency  of  speech, 
which  always  enabled  him  to  present  his  ideas  in  an  attractive  form, 
rendered  him  a  valuable  member.  At  the  time  of  his  decease, 
which  happened  on  August  12th,  he  held  the  office  of  Curator. 

The  Eeports  of  your  Librarian  and  Curator  will  inform  you 
as  to  the  donations  and  usual  additions  by  purchase  to  your 
Library  and  Museum. 
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The  Science  Classes,  so  long  carried  on  in  the  basement  of  this 
building,  are  now  held  in  their  new  and  convenientlj-arranged 
apartments,  specially  erected  for  them  in  the  Morrab  Koad.  The 
home  of  the  Penzance  Mining  and  Science  Schools,  as  they  aie 
now  called,  was  formally  opened  by  the  High  Sheriff  (T.  B. 
Bolitho,  Esq.),  accompanied  by  the  Mayor  and  Corporation,  on 
October  7th  last. 

Mr.  Bamett's  Report  upon  the  working  of  the  classes  during 
the  past  year  is  as  follows : 

Penzance,  October  29th,  1890. 

To  the  Council  of  the  Boyal  Cornwall  Oeological  Society. 

Gentlemen, — I  have  little  to  report  this  year  on  the  work  of  the  SdcDce 
Classes  which  I  have,  with  the  assistance  of  Mr.  £.  C.  Corin,  condncted  i^ 
your  Museum.  Owing  to  the  building  of  the  new  Science  Schools,  wUic^ 
were  opened  on  the  7th  instant,  and  where  instruction  in  the  Sciences  will  ^^ 
future  be  given,  the  teaching  was  somewhat  slackened,  and  the  number  of 
students  attending  the  classes  was  small. 

The  successes  at  the  last  May  examination  of  the  Science  and  Art  Depart- 
ment were  about  the  average,  and  one  student — Mr.  George  Robinson,  jun-  — 
after  an  eight  hours*  practical  examination  in  ''Practical  Chemistry, "  ^** 
awarded  an  Honours  Certificate. 

In  sending  in  this  my  last  report  of  the  Science  instruction  given  in  yoo^ 
building,  I  must  personally  thank  the  members  of  your  Society  for  granting 
the  basement  of  their  Museum  for  so  many  years  free  of  cost,  and  for  tbei^ 
assistance  towards  the  funds  required  to  maintain  the  classes ;  and  it  i^ 
mainly  owing  to  the  work  carried  on  in  the  Royal  Cornwall  Geologica-J- 
Museum  Science  Classes  that  the  present  handsome  and  commodious  Science 
Schools  have  been  erected  in  Penzance. 

I  am,  Gentlemen, 

Yours  faithfully, 

A.  K.  BARNETT. 

The  Council,  in  conclusion,  desire  to  recommend  the  election 
of  Lady  Smyth  as  an  Honorary  Member  of  this  Society;  and 
as  Ordinary  Members  Miss  Borlase,  of  Castle  Homeck,  Mr. 
James  Piers  St.  Aubyn,  Mr.  Herbert  Warington  Smyth,  and 
Mr.  John  Symons,  m.r.o.8. 
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-^Hi  following  works  have  been  added  to  the  Library  during  the 
year: 

L    TRANSACTIONS,  JOURNALS,  AND  REPORTS. 

Freaenltd  by  the  respective  Sodeties,  Editors,  and  other  Donors, 

or  purchased, 

-Australasia.     Geological  Society  of  Australasia. 

Transactions :  VoL  L,  part  4.     8vo.     Melbourne,  1890. 

^l^oston.     American  Academy  of  Arts  and  Sciences. 

Proceedings :  Vol.  xv.,  part  2,  1888.      8vo.     Boston,  1888. 

IBristoL     Bristol  Naturalists'  Society. 

Proceedings :  Vol.  vi,  part  2  (1889-90). 

List  .  .  .  1890.  8vo.     Bristol,  1890. 

Brussels.     Soci^te  Royale  Malacologique  de  Belgique. 

Proems- verbal :  Tome  xviiL,  1889.      8vo.     Bruxelles,  1889. 

California.     California  State  Mining  Bureau. 

Ninth  Annual  Report  of  the   State   Mineralogist   [William 
Irelan,  jun.]  for  the  year  ending  December  1st,  1889. 

8vo.     Sacramento,  1890. 

Camborne.     Mining  Association  and  Institute  of  Cornwall. 

Transactions:  VoL  ii,  part  2.  8vo.     Camborne,  1889. 

Canada.     Canadian  Institute,  Toronto. 

Proceedings :  fesc.  1,  2,  of  vol.  vii,  series  iiL 
Annual  Report  .  .  .  sassion  1888-89,  being  part  of  Appendix 
to  the  Report  of  the  Minister  of  Education,  Ontario,  1889. 

8vo.     Toronto,  1889-90. 
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Canada.     Geological  and  Natural  Histoiy  Survey. 

Annual  Eeport  for  the  year  1887-88,  new  series,  vol  iii«i 
parts  1,  2,  with  accompanying  maps.  By  A.  R  G. 
Selwyn. 

Contrihutions  to  the  Micro-Palaeontology  of  the  Cambrc 
Silurian  Rocks  of  Canada,  part  2.     By  E.  0.  Ulrich. 

Contributions  to  Canadian  PalsBontology,  vol.  1.,  part  2.  !B 
J.  F.  Whiteaves.  8vo.     Montreal,  1889. 

Maps:  sheet  No.  17,  N.K  New  Brunswick;  and  Plan  < 
Asbestos  Areas.  To  accompany  parts  M  and  K  of  Annn.^ 
Report,  1887. 

■.     Nova  Scotian  Institute  of  Natural  Science. 
Proceedings :  VoL  vii,  part  3.     8vo.     Halifax,  N.S.,  1889. 

.     Royal  Society  of  Canada. 

Proceedings  and  Transactions  for  1889,  vol  vii 

4to.     Montreal,  1890. 

Cincinnati     Cincinnati  Society  of  Natural  History. 
Journal :  VoL  x.-xii 

„  „    xiii,  part  1.         8vo.     Cincinnati,  1887-90. 

Dorpat.     Dorpater  Naturforscher-Gesellschaft. 
Sitzungsberichte :  Band  ix.,  heft  1,  1889. 
Schriften :  V. — Bessel'sche  Formel  und  deren  Verwendung  i 
der  Meteorologie.     Von  Dr.  Elarl  Weihrauch. 

8yo.     Dorpat,  1890. 
Dublin.     Royal  Dublin  Society. 

Scientific  Proceedings :  New  Series,  vol  vi,  parts  7-9. 

8vo.     Dublin,  1889-90. 
Edinburgh.     Edinburgh  Geological  Society. 

Transactions :  VoL  vL,  part  1.     8yo.     Edinburgh,  1890. 

.     Edinburgh  Royal  Society. 

Proceedings :  VoL  xv..  Session  1887-88. 
„  „  xvi,       „      1888-89. 

8vo.     Edmburgh,  1889-90. 

Falmouth.     Royal  Cornwall  Polytechnic  Society. 

Fifty-seventh  Annual  Report,  1889.     8vo.     Falmouth,  1889. 
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Hialifax.     Geological  and  Polytechnic  Society  of  the  West  Riding 
of  Yorkshire. 

Proceedings:  Vol.  xi.,  part  2.  8vo.     Hali&x,  1890. 

India.     Geological  Survey  of  India. 
Palaeontologia  Indica : 

Waagen:    Salt-Eange    Fossils    (Geological    Kesults). 
[Series  xiii.,  vol.  iv.,  part  1.] 

4to.     Calcutta — London,  1889. 

Records :  Vol.  xxii.,  part  4. 

„  „     xxiii.,  parts  1-3.     8vo.     Calcutta,  1889-90. 

Japan.     Seismological  Society  of  Japan. 
Transactions :  Vol.  xiii,  parts  1,  2. 

„  „    xiv.  8vo.     Yokohama,  1889-90. 

*^*va.     Natural  History  Society,  Batavia. 

Natuurkundig  Tijdschrift  voor  Nederlandsch-Indie,  iutgegeven 

door  de  Kon.  Nat.  Vereen  in  Ned.-Ind. 
Deel  xlviL  and  xlviii.     (Achtste  Serie,  deel  viil,  ix.) 

8vo.     Batavia's  Gravenhage,  1888-89. 

^^ii8as.     Kansas  Academy  of  Science. 

Transactions  of  20th  and  2l8t  Annual  Meetings  (1887-88), 
vol  xi  8vo.     Topeka,  Kansas,  1889. 

Bicester.     Leicester  Literary  and  Philosophical  Society. 

Transactions :  New  Quarterly  Series,  parts  1-3  of  vol.  ii 

8vo.     Leicester,  1889-90. 

l-i^e.     Soci^t^  Geologique  de  Belgique. 
Annales :  Tome  xiv.,  part  2. 

„  „      xvi     „     1.  8vo.     Li6ge,  1889. 

LiverpooL     Liverpool  Engineering  Society. 
Transactions :  vols,  ix.-xi 
lleport,  List,  &c.     1889-90.        8vo.     Liverpool,  1889-90. 

.     Liverpool  Geological  Association. 

Journal :   Vol.  ix..  Session  1888-89. 

8vo.     Liverpool,  1890. 
VOL.  XI.  T 
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liyerpooL     Liverpool  Literary  and  Philosophical  Society. 
Proceedings:  Vol  xli,  1886-87. 
„  „    xliL,  1887-88. 

„  „  xliii.,  1888-89.     8vo.     Liverpool,  1887-89. 

London.     British  Association  for  the  Advancement  of  Science. 
Report  of  the  Fifty-ninth  Meeting,  held  at  Newcastle-upon- 
Tyne  in  September,  1889.  8vo.     London,  1889. 

.     Geological  Society  of  London. 

List .  .  .  November  1st,  1889. 

Quarterly  Journal :  No.  180  of  voL  xlv. 

„  „  „    181-183  of  vol  xlvL 

8vo.     London,  1889-90. 
.     Geologists'  Association. 

Proceedings :  Nos.  6-7  of  voL  xL      8vo.     London,  1889-9C 

■  London,  Edinburgh,  and  Dublin  Philosophical  Magazino. 

Series  V.  Nos.  174,  175  of  vol.  xxviiL 
„  „     176-181         „     xxix. 

„  „     182-185         „     XXX. 

8vo.     London,  1889-90.     Purchased, 

.     Pals&ontographical  Society. 

VoL  xliii  for  1889.     4to.     London,  1889.     Purchased, 

.     List  of  Mines  worked  in  the  year  1888 including 

some  of  the  Open-works.     Prepared  by  H.M  Inspectors 
of  Mines.  Folio.     London,  1889. 

List  of  the  Plans  of  Abandoned  Mines,  deposited  in  the 
Home  Office  under  the  Coal  and  Metalliferous  Mines 
Kegulation  Act.     Corrected  to  30th  June,  1889. 

Folio.     London,  1889. 
[Presented  by  Dr.  Foster.] 

.     Royal  Society. 

Proceedings :  Nos.  284,  285  of  vol.  xlvi. 

„     28G-291       „     xlvii. 


)> 


„     292-294       „      xlviii. 

8vo.     London,  1889-90. 
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I/)ndoii.     Society  of  Chemical  Industry. 

Joomal :  Kos.  10-12  of  voL  viii,  and  index. 

„  „       1-9        „      ix.        8vo.     London,  1889-90. 
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THE   DEVONIAN  ROCKS  AS  DESCRIBED  BY 

DE  LA  BECHE 

INTERPRETED    IN    ACCORDANCE   WITH    RECENT 

RESEARCHES. 

By  PermiagUm  of  the  Direetor-Oeneral  of  the  Owlogieal  Survey, 

By  W.  A.  K  XJssHER,  p.o.8. 

(Bead  4tli  November,  1890.) 


Introductory. 

Ip  it  may  reasonably  be  regarded  as  a  privilege  to 
have  the  opportunity  of  extending  geological  know- 
ledge in  respect  of  any  special  formation  in  England 
at  the  present  time,  there  is  certainly  a  considerable 
amount  of  responsibility  attached  to  it,  apart  from 
the  chances  or  possibilities  of  error  from  which 
geological  investigations  are  seldom  wholly  free. 
This  responsibility  attaches,  I  conceive,  to  the  proper 
recognition  of  the  work  of  those  who  have  laboured 
in  the  same  field  before  us,  in  the  highest  degree. 

As  little  by  little  early  notions  give  place  to  more 
modem  ideas,  the  tendency  to  accept  the  stattis  quo 
as  the  starting-point  for  investigations  is  apt  to 
lead  us  to  a  bare  recognition  or  brief  summary  of 
previous  writings  on  the  subject,  especially  where 
hypothetical  solutions  are  propounded  instead  of 
definite  opinions. 
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There  are  perhaps  in  geological  literature  few  drier 
or  more  difficult  works  to  peruse  than  Sir  Henry  D^ 
la  Beche's  Report  On  the  Geology  of  Cornwall  an^^ 
Devon,  a  book  bristling  with  facts,  full  of  instructive^ 
correlations  made  in  the  scientific  spirit  which  puts-^ 
"may  be"    for    "is,"   and    "might"    for   "must" 
Admittedly  a  classic  work,  it  always  should  occupy  a 
prominent  place   on  the  book-shelf  of  a   Cormsh, 
Devon,  or  Somerset  geologist ;  but  it  is,  xmlike  the 
books  of  the  present  day,  no  mere  work  of  reference, 
therefore  (as  I  have  reason  to  know)  a  superficial 
study  of  it  is  both  profitless  and  misleading. 

In  this  paper  I  purpose  simply  dealing  with  those 
parts  of  Somerset,  Devon,  and  Cornwall  described 
in  chapter  iii.  under  the  heading  "  Grauwacke 
Group." 

I  shall  subdivide  the  chapter  into  three  headings, 
denoting  the  three  typical  Devonian  regions  of  the 
south-west  of  England;  viz.,  (1)  the  North  Devon 
and  West  Somerset  area ;  (2)  the  South  Devon  area ; 
(3)  the  Cornish  area,  or,  to  be  more  exact,  the  area 
west  of  Dartmoor. 

I  do  not  conceive  the  necessity  of  an  apology  for 
introducing  this  reconsideration  of  a  well-known 
work,  because  it  is  only  the  progress  of  recent 
researches  in  the  Devonian  geology  of  South  Devon 
that  could  render  it  profitable  or  indeed  possible ; 
so  full  of  local  detail  and  probable  suggestions  as  to 
correlation  are  the  descriptions,  that  it  is  only  by 
laying  down  these  observations  in  a  concrete  form 
upon   a  map  that  we  can  arrive  at  any  adequate 
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inception  of  their  drift  and  importance.     This  is  too 
odious  a  process  for  ordinary  readers. 

The  Report  is  in  many  respects  far  in  advance  of 
:ihe  geological  works  of  its  time.  A  complicated  and 
Krariable  series  of  rocks  is  described  as  the  result  of  a 
liareful  but  extremely  rapid  survey,  wherein  strati- 
graphical  relations  and  mineralogical  distinctions  were 
the  sole  factors  in  enabling  the  geologist  to  unravel 
the  structure ;  as  a  consequence  the  insuflScient 
evidence  at  his  disposal  led  the  author  to  describe 
the  strata  where  he  observed  them,  and  to  correlate 
the  various  types  met  with,  always  with  reservation, 
and  frequently  with  alternative  suggestions,  and  to 
suggest  the  grouping  of  the  rocks  into  minor  sub- 
divisions, not  shown  on  the  map,  rather  than  to  put 
forward  any  definite  classification  of  them.  From 
the  geological  maps  of  Devon  and  Cornwall  we  gain 
scarcely  any  information  respecting  the  Devonian 
formation;  from  a  careful  perusal  of  the  Report,  on 
the  contrary,  much  may  be  gained.  I  am  in  a 
position  to  criticise  the  descriptions  of  the  North  and 
South  Devon  areas  from  a  personal  acquaintance  and 
actual  survey  of  the  whole  of  the  former,  and  a  large 
part  of  the  latter ;  but  the  Cornish  area,  which  is  the 
main  feature  of  this  communication,  is  still  a  ten^a 
incognita  to  geologists,  and  although  any  comments 
or  suggestions  made  in  the  light  of  a  knowledge  of 
contiguous  areas  are  necessarily  purely  tentative, 
much  is  to  be  gained  by  blocking  out  the  main 
lithological  distinctions  pointed  out  in  the  work  as 
an  actual  basis  for  future  researches. 
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Part  I.     Description. 

LITERATURE. 

The  literature  of  the  subject  when  the  Report  was 
penned  is  referred  to  in  pp.  42  and  43. 

A  threefold  division  of  the  slate  rocks  of  Devon 
and  Cornwall,  by  the  Rev.  J.  J.  Conybeare  in  1823, 
is  given,  also  the  adoption  of  this  triple  grouping 
under  altered  names  by  Dr.  Boase  in  1830,  1831,  and 
1834.  In  1836  Sedgwick  and  Murchison  at  the 
British  Association,  that  year  held  in  Bristol,  separated 
the  Culm  rocks,  which  they  correlated  with  the  Coal 
Measures,  from  the  older  slate  rocks  of  North  Devon, 
which  they  divided  into  five  subordinate  groups, 
also  pointing  out  the  true  position  of  the  Culm 
Measures  in  a  trough. 

"In  1837  the  same  authors"*  treated  of  the  rocks 
of  North  and  South  Devon,  and  the  probable  correla- 
tion of  "certain  minor  groups  in  each,"  and  concluded 
"  that  these  minor  groups  of  North  and  South  Devon 
are  newer  than  the  rocks  of  Snowdon  and  Central 
Cumberland  .  .  .  and  older,  with  a  very  limited 
exception  in  North  Devon,  than  the  Silurian  System 
(of  Mr.  Murchison),"  placing  "  them  in  the  upper  and 
middle  parts  of  the  Cambrian  System." 

NORTH  DEVON  AND  WEST  SOMERSET. 

Fig.  1  plate  3  supplies  us  with  an  excellent  general 
section  from  the  Foreland,  Lynton,  to  Bideford.  In 
Fig.  2  plate  3  the  true  positions  of  the  rocks  near 
Wiveliscombe,  from  the  base  of  the  Culm  to  the  Morte 

♦  Proc,  Geol.  Soc  vol.  ii  p.  656. 
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and  nfracombe  slates  of  Clatworthy  Hill,  are  shown. 
These  sections  do  not,  however,  show  any  lines  of 
demarcation  for  subdivisions.  For  the  grouping  and 
distribution  of  the  rocks  we  must  refer  to  the  text, 
which  leaves  nothing  to  be  desired. 

A  series  of  sandstones,  most  commonly  siliceous,  of 
red,  grey,  and  brown  tints,  form  the  Foreland,  and 
are  said  "  to  rise  from  beneath  the  grey "  beds,  "  to 
be  next  noticed,  near  Watersmeet,  and  the  system  of 
reddish  sandstones  which  occurs  above  the  \jyxAoii 
grey  beds  in  the  ascending  order  does  not  approach 
nearer  to  the  valley  of  the  Lynn,  on  the  southward, 
than  Cherriton,  whence  its  northern  boundary  can  be 
traced  in  the  line  of  its  strike  ...  to  Woodabay." 

(p.  47.) 

Here  we  have  the  Foreland  Grits,  the  Lynton  Beds, 
and  the  Hangman  group  defined. 

The  faults  in  the  East  Lynn  Valley  are  alluded  to. 

In  another  place  (p.  48)  the  junction  of  the  Lynton 
and  Hangman  beds  is  thus  defined:  "  These  grey  calci- 
ferous  grits  and  schists  pass  upwards  into  another  minor 
system  .  .  .  composed  of  red,  claret-coloured,  brown, 
and  grey  sandstones  and  slates.  ...  A  very  excellent 
natural  section  is  afibrded,  on  the  western  cliflf  of  the 
Little  Hangman  Hill,  of  the  upper  part  of  this 
system  of  grits  and  slates,  which  is  succeeded  in  the 
ascending  order  by  grey  and  claret-coloured  argilla- 
ceous slates,  resting  upon  highly-inclined  beds  of  red 
sandstone.  .  .  .  Grey  predominates  in  the  upper  part 
of  these  slates,  and  among  them  are  seen  sandstone 
beds,   the   whole   covered  by   brown  and  red   grit. 
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partly  schistose,  and  not  very  different  in  general 
character  from  those  of  the  Hangman  Hills."  The 
latter  part  of  this  passage  describes  the  natuie  of 
the  junction  beds  between  the  Hangman  group  and 
Ilfracombe  slates. 

In  the  next  paragraph  he  goes  on  to  say:  "We 
now  arrive  in  the  ascending  order  at  grey  argillaceous 
slates,  &c.  ...  If  we  were  to  split  up  the  mass  of 
rocks  into  arbitrary  divisions,  the  slates  might  be 
regarded  as  the  lower  part  of  a  series  comprising  the 
Combe  Martin  limestones  and  grey  argillaceous  slates 
with  intermingled  grits  .  .  .  which  extends  a  short 
distance  beyond  Ilfracombe."  From  Ilfracombe  to 
Bull  Point  argillaceous  slates  irregularly  mingled  with 
grits,  (p.  49.)  "From  this  point  to  Woolacombe 
fine-grained  argillaceous  slate  is  the  prevailing  and 
almost  sole  rock."  These  last  are  the  Morte  slates, 
and  the  prevalence  of  quartz  veins  in  them  is  pointed 
out,  also  the  exposure  of  the  end  of  a  dyke  of 
igneous  rock,  "  visible  at  very  low  spring  tides." 

"The  argillaceous  slates  are  succeeded  by  red, 
brown,  and  grey  arenaceous  beds,  mingled  with  some 
argillaceous  slates  of  the  same  colours,  of  which  the 
actual  coast  section  is  concealed  by  blown  sands." 
This  concealment  favoured  Jukes's  fault.  "Near 
Vention,  on  the  south  side  of  Woolacombe  sands,  the 
upper  beds  become  visible  on  the  coast."  In  the 
above  we  have  the  Pickwell  Down  series.  "  Upon 
these  beds  are  other  arenaceous  rocks,  generally  grey 
or  brown,  and  for  the  most  part  schistose  and 
micaceous."   (p.    49.)      The  upper  arenaceous  rocks 
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constitute  Baggy  Point,  and  are  succeeded  in  the 
ascending  order  by  argillaceous  slates  on  the  north 
of  Croyde  Bay.  The  fossiliferous  powdery  lenticles 
in  these  slates,  and  the  association  of  gritty  beds 
with  them,  are  noticed,  as  also  their  upward  gradation 
into  slates  containing  more  calcareous  matter. 

Here  we  have  the  Baggy  beds  and  overlying  Pilton 
beds  described.  The  occurrence  of  a  shell  resembling 
CucuUsea  in  the  former,  and  also  of  plant  remains, 
is  noticed.  There  is  no  mention  of  the  grey  slates 
containing  Lingula,  here  forming  the  base  of  the 
Baggy  beds.  As,  however,  these  slates  are  so  in- 
timately associated  with  the  sandstones  as  to  change 
places  with  them  when  traced  inland,  the  omission 
is  of  no  importance. 

Further  on  (pp.  52,  53)  the  distribution  of  these 
groups  is  given  with  some  reservation,  and  given 
correctly.  The  Hangman,  Croydon  Hill,  and  Quan- 
tock  grits  are  rightly  correlated;  the  sandstones  of 
Main  Down,  Wiveliscombe,  with  those  of  Woolacombe 
Sands  {i.e.,  Pickwell  Down  beds) ;  the  Brendon  Hill 
beds  with  those  of  Bull  Point. 

Although  there  is  an  entire  absence  of  detailed 
correlation,  and  to  arrive  at  it  in  the  disturbed  rocks 
of  West  Somerset  mapping  out  the  divisions  on  the 
ground  was  necessary,  yet  it  will  be  seen  from  the 
above  that  the  classification  I  have  adopted  for 
North  Devon,  i\s  justified  on  stratigraphical  grounds, 
is  nothinfj  more  than  a  definite  statement  of  De  la 
Beche's  grouping,  which  is  nowhere  tabulated ;  and 
the  infilling  of  the  details  has  not  only  justified  that 
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grouping,  but  proved  the  correctness  of  his  surmises 
as  to  the  correlations  of  certain  minor  groups  of  the 
North  Devon  area  with  those  of  West  Somerset. 

SOUTH    DEVON    AREA. 

When  we  turn  to  the  description  of,  and  references 
to,  the  South  Devon  area  in  the  Report,  the  result 
could  hardly  be  otherwise  than  unsatisfactory.  Here, 
in  addition  to  the  absence  of  continuous  outcrops 
through  faults  and  flexures,  the  beds  change  in 
character  along  their  strike ;  hence  the  generalizations 
from  anything  but  an  exhaustive  survey  become 
useless  and  misleading.  Moreover,  after  reference 
to  the  district  between  Plymouth  and  the  Dart 
(p.  69),  Mr.  Austen  is  referred  to  as  the  authority 
on  the  district  between  the  Dart  and  the  Triassic 
rocks  on  the  east,  so  that  in  this  part  of  the  area 
the  information  beyond  the  examination  of  isolated 
phenomena  is  evidently  given  by  De  la  Beche  at 
second-hand. 

The  Plymouth  limestones  (p.  64)  are  said  to  rest 
upon  the  slates  to  the  north  of  them,  in  which  schis- 
tose trappean  rocks  locally  occur.  The  southerly  dip 
of  the  latter,  between  Plymouth  and  Tavistock,  is 
pointed  out.  This  is  of  course  an  inverted  junction, 
and  therefore  misleading.  "A  kind  of  alternation 
of  the  upper  part  of  the  Plymouth  limestones  with 
the  superincumbent  slates  .  .  .  near  Mount  Batten  " 
is  mentioned.  In  this  passage  road  Lower  for  Upper, 
and  we  have  the  Calceolen  Kalk,  or  passage  beds  of 
the  Eifelian.      "  Above  these  slates,"  he  says,  "  we 
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find  red  sandstones  associated  with  red  slates,  on  both 
sides  of  the  Sound."  The  red  grits  of  Staddon 
Point  are  said  to  be  overlain  by  grey  slates  similar 
to  those  of  Rame  Head,  and  fossiliferous  to  the  south 
of  Bovisand  Bay. 

He  makes  the  Mudstone  Bay  slates  and  limestones 
(p.  73)  subordinate  to  arenaceous  rocks  belonging 
to  the  Modbury  band,  i.e.,  Middle  Devonian  under 
Lower,  and  with  the  latter  he  confounds  the  Ash- 
prington  series.*  It  is  remarkable  that  whilst  the 
occurrence  of  intrusive  and  contemporaneous  (called 
schistose  trappean  rocks)  volcanic  rocks  is  instanced 
in  many  places  in  the  South  Devon  area,  the  great 
theatre  of  volcanic  activity  remained  unknown  till 
discovered  by  the  late  Mr.  Champemowne,  and  called 
by  him  the  Ashprington  series ;  all  the  phenomena 
noticed  in  the  Report,  such  as  the  Saltern  Cove, 
Waddeton,  Yalberton,  and  Black  Head  igneous  rocks, 
are  mere  trifles  in  comparison  to  the  central  develop- 
ment of  the  Ashprington  volcanic  series,  of  which 
indeed  these  appear  to  be  merely  sporadic  oflFshoots. 

The  arenaceous  beds  are  of  special  interest  owing 
to  the  recent  discovery  of  their  Lower  Devonian  age : 
their  variable  characters  and  indefinite  boundaries 
are  alluded  to,  also  their  distribution. 

From  Erme  Mouth  (p.  78),  rocks,  partly  arenaceous, 
are  noticed  as  striking  toward  the  grits  and  quartz 
rock  of  Black  Down,  near  JModbury.  Between  these 
arenaceous  rocks  and  those  of  Staddon  he  draws  a 


♦  See  last  paragraph  (p.  76  and  p.  72),  also  the  reference  to  Dun- 
cannon  (p.  72). 
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distinction,  correlating  the  Staddon  with  the  Cocking- 
ton  grits,  and  (p.  81)  including  the  Modbury  rocks 
with  arenaceous  beds  at  Boconnoc,  Broadoak,  Bury 
Down,  &c.,  between  Looe  and  Liskeard  in  ComwalL 
As  to  the  position  of  the  Cockington  sandstones  he 
finds  a  difficulty  in  determining  whether  they  are 
above  the  Torquay  limestones  or  below  them,  as  is 
the  case  with  the  beds  between  Meadfoot  Sands  and 
Upham ;  but  the  Windmill  HiU  grits  are  unhesita- 
tingly regarded  as  inferior  to  the  limestones  of  Ash 
and  Yalberton,  whilst  he  considered  the  red  slates 
and  grits  of  Beacon  Hill  as  apparently  resting  on  the 
Berry  Pomeroy  and  Marldon  limestones. 

Following  Austen  in  regarding  the  Ashburton  lime- 
stones as  a  lower  band  (p.  69),  he  connects  the  Chud- 
leigh  limestone  with  it,  making  the  Kingsteignton, 
Newton,  Ogwell,  and  Ipplepen  limestones  parts  of  a 
mass  higher  in  the  series,  (pp.  74,  75.)  In  chapter  ix., 
on  "Alteration  in  the  Mineral  Character  of  Rocks" 
(p.  267),  he  says,  alluding  to  the  Black  Head  diabase 
mass  near  Torquay,  "slate  would  appear  to  have 
become  hardened,  and  calcareous  beds  rendered  more 
crystalline,  by  an  overflow  of  greenstone  in  fusion 
upon  them." 

To  return  to  the  Lower  Devonian  districts, 
(p.  77.)  "A  mass  of  argillaceous  slate,  generally  fine- 
grained, and  in  many  places  red  or  claret-coloured, 
rests  on  the  arenaceous  band.  .  .  .  Arenaceous  rocks 
are  scarce,  and  for  the  most  part  are  found  on  its 
northern  side.  The  eastern  part  of  the  mass  is  far 
more  red  than  the  western  .  .  .  and  there  is  little 
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difficulty  in   perceiving    that    many  minor   masses 
which  are  red  in  the  Start  Bay  section  are  grey  in 
that  exposed  at  Bigbury  Bay.     Hitherto  no  organic 
remains   have   been  detected  in   this   slate."     Near 
Modbury   a    quartz   rock   "formed   of    a  granitoid 
mixture   of    quartz   and   felspar"   occurs,    (p.    78.) 
This   is   evidently   an   arkose.      The    slates   in  the 
foregoing  passage  are  regarded  as  a  contorted  series 
between  the  arenaceous  band  and  the  mica  slate  of 
the  Start  and  Prawle  area.     On  the  same  page  it 
would  appear  as  if  these  slates  were  taken  as  the 
equivalents  of  the  Dittisham  and  Brixham  "calciferous 
country." 

There  is  thus,  beyond  simple  matters  of  isolated 
observation,  nothing  in  the  Keport  relative  to  the 
Geology  of  South  Devon  calculated  to  throw  the 
least  light  upon  the  structure  of  the  Devonian, 
but  much  on  the  contrary  to  perplex  and  confuse. 
However,  in  the  simple  allusions  to  the  occurrence 
of  arenaceous  rocks  in  the  district  as  yet  not  re- 
surveyed,  we  have,  as  recent  researches  justify  one 
in  supposing,  a  considerable  extension  and  repetition 
of  the  Lower  Devonian  grits  of  the  Torquay  and 
Paignton  area,  whilst  in  the  Dartmouth  and  Kings- 
bridge  areas  there  are  many  slaty  varieties  of  the 
Lower  Devonian  probably  belonging  to  lower  horizons, 
and  before  these  are  satisfactorily  worked  out,  I  con- 
ceive the  question  of  the  age  and  relations  of  the 
Start  and  Prawle  rocks  to  be  **in  nubibus."  The 
occurrence  of  Spirifer  distans  in  the  Plymouth  lime- 
stone is  worthy  of  note.  (p.  IG,) 
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CORNISH   AREA. 

One  of  the  greatest  impediments  in  studying  the 
Grauwacke  chapter  is  the  abrupt  and  constant  change 
in  description  from  one  part  of  the  area  to  another. 
To  follow  these  changes  is  a  work  of  time  and  topo- 
graphical  search  on  a  series  of  one-inch  maps.  In 
this  resume,  there  being  no  systematized  order  of 
description  in  the  Eeport,  the  information  derived 
from  it  is  as  far  as  possible  classified. 

The  general  types  of  rock  may  be  embraced  in  three 
classes ;  viz. ,  red  variegated  slates,  often  associated 
with  volcanic  rocks ;  grey  slates,  with  occasional 
calcareous  bands ;  arenaceous  rocks.  Each  of  these 
classes  embraces  beds  of  difierent  ages,  and  the  titular 
distinctions  must  be  taken  only  in  a  general  sense, 
volcanic  rocks  not  being  confined  to  the  red  variegated 
beds,  but  occasionally  present  in  the  grey  slates,  and 
arenaceous  beds  being  often  sparingly  associated  with 
the  slates,  as  well  as  slates  with  the  arenaceous  rocks. 

Owing  to  the  grey  slates  of  Tintagel  and  Petherwin 
succeeding  the  Culm  Measures,  we  will  commence 
with  these. 

Without  at  present  considering  their  stratigraphical 
relations,  the  rocks  below  the  Culm  Measures,  as  far 
as  we  can  gather  their  lithological  characters  and 
general  distribution  from  the  Report,  occur  as  follows : 

SLATES   SOMETIMES   RED,    OFTEN   ASSOCIATED   WITH 

VOLCANIC   ROCKS. 

The  grey  slates  of  Delabole,  Tintagel,  and  Pether- 
win are   associated  with,  or  pass  downwards  into, 
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slates  containing  schistose  trappean  rocks,  denoting 
contemporaneous  volcanic  origin.  These  beds  extend 
from  Pentire  Point  to  Lanteglos  on  the  east,  whence 
they  branch  southward  to  Egloshayle,  and  from 
thence  west  to  the  coast,  volcanic  rocks  only  being 
noticed  in  them  at  Park  Head,  and  apparently  absent 
from  thence  to  Egloshayle.  (pp.  56-64,  and  88,  89.) 

From  Lanteglos  these  slates  appear  to  continue 
northward,  round  the  Camelford  granite,  to  David- 
stow,  whence  they  follow  the  granite  boundary 
toward  Stoke  Climsland.*  Whether  the  igneous  rocks 
of  Callington  belong  to  this  series  or  not  there 
is  no  means  of  ascertaining.  The  indian-red  and 
grey  slates,  associated  with  volcanic  beds,  between 
Saltash  and  Devonport,  seem  to  belong  to  this 
group.  They  are  described  in  my  paper  on  the 
geology  of  Tavistock.  The  red  colour  south  of 
Tintagel  seems  confined  (p.  88)  to  a  band  extending 
from  Padstow  to  St.  Kew  and  St.  Minver. 

"The  trappean  rocks  become  gradually  mingled 
with  a  lower  part  of  the  general  series  from  Saltash 
to  St.  Cleer."  "The  compact  kinds  are  generally 
greenstones,  but  .  .  .  serpentine  is  found  at  Clicker 
Tor,  apparently  included  among  the  slates."  (p.  79.) 
"At  Clicker  Tor,  on  the  south  of  Liskeard,  we  find 
serpentine  among  slates  somewhat  older  than  the 
calcareous  rocks  of  Looe."  (p.  96.)  There  is,  how- 
ever, a  strong  probability  of  a  great  fault  in  its 
vicinity.  At  Cawsand  variegated  slates  (p.  65), 
among  which  red  beds  are  very  prevalent,  form  the 

♦  For  trappean  more  especially,  pp.  57  and  61. 
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upper  part  of  the  Staddon  and  Picklecombe  grits, 
and  are  succeeded  by  grey  slates  toward  Penlee 
Point  and  the  Eame  Head. 

VAKIEGATED  SLATES  OF  ST.  AUSTELL. 

These  variegated  beds  are  noticed  in  my  paper  on 
the  coast  between  Plymouth  and  Looe  as  occurring 
to  the  south  of  Lower  Tregantle  Fort.  Near  Down- 
derry  and  Seaton  the  Looe  beds  are  overlain  by 
variegated  slates.  De  la  Beche  (p.  80)  alludes  to 
them :  "  The  variegated  slates  may  easily  be  traced 
from  Talland  and  Polperro,  where  they  extend  for 
more  than  a  mile  to  the  northward,  by  Lansalloes, 
Oregon,  and  the  vicinity  of  Tywardreath,  to  the 
granite  near  St.  Blazey.'* 

In  the  Fowey  Valley,  near  Clift  and  Prinzey,  the 
variegated  slates  are  said  to  be  overlain  by  a  mass  of 
argillaceous  slate,  generally  grey,  which  separates 
them  from  the  arenaceous  rocks  on  the  north 
(Boconnoc).  The  calciferous  slates  of  Pencarra  Head 
arc  correlated  with  the  Looe  beds  through  a  syncline 
in  the  overlying  variegated  slates,  (pp.  80,  81.) 
From  Tywardreath  the  variegated  slates  extend  by 
St.  Austell  to  St.  Stephens,  where  "  they  seem  rather 
to  abut  in  some  places"  against  the  granite  as  if 
by  fault.  Igneous  rocks  occur  in  them  between 
Duporth  and  St.  Mewan.  They  are  bounded  by  grey 
■argillaceous  slates  ou  the  south,  which  contain  cal- 
careous matter  at  the  Black  Head,  and  are  apparently 
continuous  wdth  the  slates  of  Crantock  and  Newquay 
on  the  west. 
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Beyond  St.  Stephens  we  are  not  informed  of  the 
extension  of  the  variegated  slates  around  the  western 
end  of  the  St.  Austell  granite,  but  it  is  very  probable, 
as*  beds  " mineralogically  alike"  are  found  "in 
several  places  round  the  granite  of  the  Hensborough 
district."  "  From  the  Tregoss  Moors  red  and  varie- 
gated beds  can  be  traced  to  the  cliflFs  on  the  west  at 
Watergate  Bay,  where  a  very  fine  section  of  them  is 
exhibited,"  but  between  St.  Columb  Minor  and  Lanivet 
they  cannot  easily  be  traced,  owing  to  presence  of 
granitic  rocks,  etc.  These  beds  are  said  to  "  rise  to 
the  arenaceous  rocks  "  of  St.  Breock's  Down,  by  which 
we  may  infer  that  they  directly  overlie  them.  De  la 
Beche  thought  that  the  variegated  slates  of  St 
Stephens  might  be  higher  in  the  series  than  those  of 
the  Falmouth  Estuary,  and  they  are  separated  by  the 
grey  slates  before  referred  to  from  the  arenaceous 
rocks  of  Grampound  on  the  south. 

VARIEGATED   SLATES   OF   FALMOUTH,  ETC. 

"  Red  and  variegated  slates  are  found  in  the  mines 
of  Gwennap  and  Redruth.  In  the  vicinity  of  Truro 
there  is  a  contortion  at  the  eastern  end  of  the  elvan 
dykes,  extending  from  Gwennap  toward  it."  (p.  93.) 
"  From  the  general  direction  of  the  beds  the  red  and 
varieorated  slates  strike  throuo;h  Falmouth  Harbour, 
from  the  vicinity  of  St.  Just,  to  the  southern  part 
of   Falmouth.      They  can   be   well   studied  on   the 


♦  p.  86.  See  also  possibility  of  colour  change  west  of  St.  Stephens, 
and  mention  of  contact  of  red  beds,  prolonged  from  Watergate  Bay,  with 
the  granite,  p.  92. 
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beach  between  Pendennis  Castle  and  Swan  Pool, 
where  the  irregular  manner  in  which  arenaceous  rocks 
are  mingled  with  the  mass  is  very  instructive.  Indeed 
the  red  rocks  are  in  many  places  seen  to  be  almost 
altogether  arenaceous.  These  beds  are  supported  by 
grey  or  brown  argillaceous  slates  that  range  from  the 
skirts  of  the  granite,  where  they  have  been  much 
altered,  by  Falmouth,  Milor,  and  Kestronguet  to 
Feock,  beyond  which,  on  the  north,  the  red  or  varie- 
gated beds  curve  from  the  Falmouth  Estuary,  round 
between  Kea  Church  and  Truro,  towards  St.  Day." 
The  obscurity  of  the  structure  in  the  country  between 
St.  Agnes  and  Falmouth  Estuary,  through  lodes  and 
elvans,  accounts  for  the  absence  of  any  more  definite 
mention  of  the  position  of  the  variegated  beds ;  but 
in  the  country  between  Tregony,  St.  Allen,  and  Truro, 
with  the  exception  of  allusion  to  "  the  general  south- 
west strike  coming  from  Tregony"  (p.  93),  we  are  left 
in  complete  ignorance  of  the  relations  of  the  strata 
to  the  arenaceous  rocks  of  Ladock,  Newlyn  Downs, 
and  Penhallow  Downs ;  however,  argillaceous  slates, 
sparingly  mixed  with  sandstone,  are  said  (p.  83)  to 
extend  from  the  Mevagissey  coast  toward  Probus, 
and  (p.  86)  to  overlie  the  variegated  slates  at  Mesack 
Point  in  the  Falmouth  Estuary.  The  variegated 
beds  are  shown  to  continue  from  Falmouth  to  Gweek, 
and  thence  to  the  sea  near  Helston,  and  are  intersected 
by  trap  dykes  near  Mawnan.  (p.  93.)  "A  run  of 
more  common  grey  argillaceous  slates,  mingled  with 
a  few  arenaceous  beds,  rests  upon  them ;  and  (p.  99) 
"  argillaceous  slates,  intermixed  with  trappean  rocks 
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in  their  general  line  of  strike,  rise  from  beneath" 
them  "near  Gweek."  There  is  no  further  mention 
of  variegated  slates.  Grey  slates,  with  igneous  rocks, 
seem  to  run  to  the  sea  at  Porthleven,  possibly  round 
the  Germoe  granite,  but  there  is  no  information 
as  to  the  district  between  Breage  and  Crowan; 
they  attain  some  development  about  Marazion  and 
Penzance,  extending  thence  probably  by  St.  Erth 
and  Gwinear  toward  Redruth,  and  from  St.  Erth  to 
St.  Ives.  If  this  is  so,  the  variegated  beds  are 
either  impersistent,  faulted  out,  or  continuous  round 
the  granite  by  Crowan,  or  are  included  in  this  series 
of  slates  with  volcanic  rocks. 

GREY   ARGILLACEOUS   SLATES   OCCASIONALLY 

CALCIFEROUS. 

The  Petherwin,  Delabole,  and  Tintagel  slates  really 
belong  to  this  class,  which  is  probably  represented  by 
the  grey  killas  in  the  railway  cuttings  south  of  Tavis- 
tock, but  they  are  not  sufficiently  differentiated  in 
the  Report  from  the  red  slates  with  volcanic  bands 
of  the  Saltash  and  Davidstow  areas  to  permit  of  our 
defining  their  relations  and  extent.  "Calcareous 
slate  occurs  near  Cothele"  (p.  62),  south  of  Kingston 
Down,  which  may  belong  to  this  part  of  the  series. 
Slates  containing  limestone  bands  at  Permizen  Bay, 
Padstow,  Dinas  Cove,  Rock,  and  Dinham,  and  also 
calcareous  at  Bodeeve,  where  they  dip  northward, 
seem  to  form  a  synclinal  extending  from  Constantino 
Bay  eastward  along  the  Camel  valley  to  Trewoman, 
ending  in  a  wedge  beyond  St.  Kew.  (p.  89.)     These 
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beds  were  regarded  by  De  la  Beche  as  a  repetition 
of  the  Petherwin  beds.  (p.  88.)  They  are  associated 
with  igneous  rocks;  the  limestone  bands  of  Permizen 
Bay  and  Dinas  Cove  furnished  fossils.  At  Denham's 
Bridge  (p.  90)  black  carbonaceous  slates  are  noticed, 
whether  belonging  to  Culm  or  Devonian  there  is  no 
evidence  to  show.  The  mention  of  a  conglomerate 
composed  of  slate  fragments  in  the  variegated  slates 
at  Roscarrock,  and  of  a  similar  rock  in  the  series  under 
consideration,  is  probably  due  to  the  local  occurrence 
of  volcanic  breccia  or  coarse  tuff  amongst  the  other 
volcanic  materials  which  occur  in  the  slates,  and 
seems  to  show  the  very  close  connection  of  the  whole 
series  in  this  district.  At  Porth  Island,  Lower  St. 
Columb  Porth,  fossiliferous  calcareous  rocks  rest  upon 
the  variegated  slates  of  Watergate  Bay.  (p.  86.) 
"The  calcareous  slates  between  New  Quay  and  To  wan 
Head  . .  .  are  also  fossiliferous."  The  calciferous  slates 
are  intersected  by  dykes  of  igneous  rock  near  Cran- 
tock  and  New  Quay.  (p.  87.)  The  blown  sands  of 
Perran  Bay  conceal  the  relations  of  these  argillaceous 
and  occasionally  calciferous  beds  on  the  coast  to  the 
south — they  appear  to  pass  under  the  arenaceous  rocks 
of  Newlyn  Downs  (p.  92) ;  it  is,  therefore,  a  legiti- 
mate inference  that  the  slate  series  is  continuous 
between  the  arenaceous  rocks  continued  eastward  by 
Grampound  to  Pentuan,  and  the  red  variegated  slates 
of  Watergate  Bay,  and  those  of  St.  Austell — as  such 
discrepancies  as  the  arenaceous  beds  overlying  the 
slates  at  Newlyn  Downs,  and  supporting  them  near 
Grampound,  are  what  we  should  expect  to  find  in 
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tracing  the  relations  of  overfolded  and  greatly  dis- 
turbed strata,    (p.   82.)     At  the  Black  Head  these 
slates  are  calcareous  and  crinoidal.      "  The  broken 
condition  of   the  partly  fossiliferous   beds  between 
Charlestown  and  Par  sands,  traversed  by  many  lodes, 
prevents  that  clear  view  of  the  connection  between 
the  calcareous  rocks,  near  the  Black  Head,  and  the 
red  and  vai'iegated  slates  of  the  mining  country  of 
Crinnis,  which  could  be  desired."     As  from  general 
considerations  the  Black  Head  slates  seem  to  underlie 
the  variegated  slates  on  the  north,  they  are  correlated 
with  the  calciferous  slates  of  Fowey  Harbour  and 
Peucarrow  Head,  which  occupy  a  similar  position; 
but  as  the  Looe  beds  are  taken  to  correspond  with 
the  Pencarrow  beds,  the  further  prolongation  of  the 
series  would  be  on  the  north  of  a  synclined  area  of 
variegated  slates,  but  De  la  Beche  (p.  83)  also  con- 
sidered  the   calcareous   beds   of    Gorran   Haven  as 
corresponding  to  those  at  Looe  and  the  Black  Head. 
The  Gorran   beds  have  since  been  referred  to  the 
Silurian,  and  those  of  Looe  to  the  Lower  Devonian. 

LOOE   BEDS. 

In  the  Fowey  valley  section,  between  the  arenaceous 
rocks  of  Boconnoc  on  the  north  and  the  varieorated 
slate  tract  just  alluded  to,  "  we  find  a  mass  of  argil- 
laceous slates,  generally  grey,  resting  upon  the 
variegated  slates"  (p.  80)  and  underlying  the  arena- 
ceous rocks.  The  change  of  strike  around  Pelynt,  in 
parallelism  to  that  of  the  strata  in  the  Looe  valley, 
which  trends  toward  the  north-east,  is  alluded  to. 
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"  In  the  section  up  the  Looe  river,  after  passing  the 
calciferous  rocks  near  the  towns  of  Looe,  arenaceous 
beds  and  argillaceous  slate  are  found  dipping  southerly 
beneath  the  former " ;  on  the  north  of  Sandplace 
quartzose  rocks  cross  the  section,  which,  until  near 
the  line  of  Liskeard,  is  made  up  of  a  series  of  sand- 
stones and  slates.  "  Two  patches  of  limestone  "  near 
Hessenford  and  Millaton  show  the  "  continuation 
of  the  Looe  beds  towards  St.  Germans,"  beyond 
which,  on  the  eastward,  the  calciferous  deposits  seem 
to  be  merged  in  the  slate  and  trappean  series  of 
Saltash ;  and  northward  they  are  bounded  by  an 
admixture  of  slates  with  trappean  rocks  and  arenaceous 
beds  extending  to  Quethiock.  The  probability  of  the 
arenaceous  beds  being  tuflfs  is  suggested.  In  any 
case  it  is  diflScult  to  account  for  the  termination  of 
strata  of  Lower  Devonian  (Gedinnien)  age  by  a  series 
which  appears  to  correspond  to  the  Devonport  beds, 
and  perhaps  those  of  David  stow,  without  introducing 
a  dislocation  of  considerable  magnitude,  extending 
from  the  arenaceous  rocks  of  Cawsand  and  Pickle- 
combe  in  a  W.N.W.  direction  by  the  serpentine  of 
Clicker  Tor  to  St.  Neots.  Such  a  dislocation  appears 
probable  from  the  want  of  correspondence  of  the 
section  north  of  Cawsand  with  that  on  the  coast  west 
of  Rame  Head. 

CALCAREOUS   BEDS   OF   WHITSAND   BAY. 

The  calcareous  beds  associated  with  buff  grits 
mentioned  in  my  paper  on  the  coast  between 
Plymouth    and    Looe   were   considered   as  probable 
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representatives  of  the  Plymouth  limestones.  K, 
however,  there  is  a  fault  boundary  to  the  Staddon 
and  Picklecombe  grits,  these  beds  might  belong  to 
the  Meadfoot  series,  which  is  calcareous  in  places,  and 
in  any  case  they  appear  to  be  much  higher  in  the 
Devonian  than  the  rocks  of  Looe. 

SLATES  OF  MEVAGISSEY  AND  ST.  ANTHONY  WITH  CAL- 
CAREOUS BANDS  OF  GORRAN  AND  VERYAN,  AND 
TUFFS  AND  VOLCANIC  BRECCIAS  OF  NARE  HEAD,  &C. 

The  consideration  of  the  remaining  tracts  of  partly 
calciferous  slate  is  complicated  by  the  age  assigned 
to  the  calcareous  bands  of  Gorran,  Veryan,  and 
Porthalla,  and  by  the  so-called  conglomerates  in  the 
slates  associated  with  them.  (See  paper  by  Messrs. 
Somervail  and  Fox,  Trans.  Cambridge  Phil.  Soc. 
vol.  i.  p.  295.)  Aye  note  that  whereas  the  main 
masses  of  argillaceous  slate  are  very  briefly  and  inade- 
quately mentioned  in  the  Report,  the  coast  section 
embracing  those  parts  of  the  series  from  the  Dodman 
to  Porthalla  is  treated  with  unusual  detail,  so  that  it 
must  be  the  record  of  a  careful  examination. 

On  the  south  of  the  arenaceous  rocks  extending 
from  Pentuan  to  Grampound,  &c.,  "  argillaceous 
slates,  intermingled  very  sparingly  with  sandstone, 
are  found  dipping  in  various  directions,  much  con- 
torted, and  very  frequently  vertical,  near  Mevagissey. 
These  argillaceous  slates  can  be  traced  towards 
Probus,  apparently  always  occupying  the  same 
position  relatively  to  the  coarse  sandstones  on  the 
north,  which  can  be  observed  well  characterized  in 


]  as  described  hy  De  la  Beche.  295 

quarries  near  Thorn,  and  on  the  descent  of  the 
'  road  from  Probus  to  Grampound."  (p.  83.) 
lS  this  arenaceous  series  appear  to  be  more  or  less 
binuous  to  Newlyn  Downs,  and  from  thence  to 
Ives  Bay,  unless  faulted  or  unconformable,  we 
7  assume  that  the  slates  continue  westward  in  the 
Qtry  between  Truro  and  St.  Allen,  chaining  on  to 
je  associated  with  igneous  rocks  in  the  St.  Erth 

Penzance  districts,  hereafter  to  be  referred  to. 
i  general  south-westerly  strike  coming  from 
gony  (p.  93)  justifies  the  inference  that  the  same 
es  extends  to  St.  Anthony,  at  the  mouth  of  the 
mouth  Estuary ;  for  "  from  Pendowa  (in  Gerrans 
^)  the  beds  are  curved  round  with  a  southern  strike 
ihe  Cabe  and  the  Greeb,  so  that  the  argillaceous 
es,  mixed  occasionally  with  arenaceous  beds,  inferior 
hose  above  noticed  [viz.,  the  Gorran  and  Veryan 
ion,  hereafter  to  be  noticed],  become  exposed  at 
Zoze  Point."  (p.  86.)  Up  the  Falmouth  Estuary 
klesack  Point  red  and  variegated  slates  are  noticed 
ping  under  "  grey  argillaceous  slates."  These  red 
es  "  are,"  he  says  (p.  93),  "  supported  by  gray  or 
wm  argillaceous  slates  that  range  from  the  skirts 
3he  granite,  where  they  have  been  much  altered, 
Falmouth,  Milor,  and  Restronguet,  to  Feock."     If 

beds  are  not  inverted,  which  seems  to  be  incon- 
'able,  the  possibility  of  these  Feock  slates  being  a 
)pearance  of  those  we  are  considering  through 
clinal  or  synclinal  inversion  suggests  itself.  In 
;ing  the  variegated  beds  from  Falmouth  towards 
ston   we    are    informed    that  a   "run   of    more 
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common  grey  argillaceous  slates,  mingled  with  a  few 
arenaceous  beds,  rests  upon  them ;  and  there  is  little 
difficulty  in  seeing  that  the  rocks  of  Rosemullion  and 
Mawnan  are  continuous  portions  of  those  at  St 
Anthony  and  Borhortha  Point  on  the  north-east" 

Returning  to  the  coast  section  we  find  (p.  83)  that 
the  Mevagissey  slates  and  arenaceous  beds  occur  "  in 
the  cliffs  near  Bodragan  and  towards  Chapel  Point/' 
hard  quartz  rock,  in  which  Mr.  Peach  detected  organic 
remains,  appearing  in  them  "  on  the  south  of  Turbot 
Point."     "  Limestone  associated  with  slate,  and  some 
very    remarkable    rocks    with    a    semi  -  porpjiyritic 
character,  occur  on  the  north  of  Gorran  Haven,"  and 
strike  to  the  Guineas  rocks,  a  mile  from  the  coast 
Argillaceous  slate  reposes  on  the  calcareous   beds, 
graduating  into  arenaceous  slate,  which  becomes  mica- 
ceous and  more  hard  in  the  direction  of  the  Dodman 
Point.     The  descending  sections  from  the  Dodman  to 
Portholland  (p.  84),  and  from  PorthoUand  to  Gerrans 
Bay  (p.   85),  cannot  be  delineated,  as  the  relative 
thicknesses  of  the  twenty-three  horizons  given  are  not 
specified.     De  la  Beche  regarded  the  Veryan  lime- 
stones as  older  than  those  of  Gorran,  and  the  inter- 
vening beds  as  successive ;  but  the  probability  of  the 
repetition  of  the  same  horizons  by  fault  or  inverted 
folds  seems  natural ;  for  an  axis  in  the  finer  conglo- 
merate (No.  15  in  the  sections)  would  give  a  rough 
general  correspondence  of  the  details  on  either  side 
of  it.     Be  that  as  it  may,  trappean  rocks  Nos.  1 2  and 
17  are  mentioned  in  association  with  conglomerates, 
and  in  the  latter  a  small  patch  of  serpentine  and 
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diallage  rock  occurs  at  Nare  Head,  and  the  con- 
glomerates and  arenaceous  rocks  in  their  vicinity 
might  be  to  a  great  extent  of  volcanic  origin,  as 
appears  to  be  the  case  in  the  Meneage  district;  for 
De  la  Beche  says  (p.  95),  "that  the  conglomerates  of 
Trelowarren,  Manaccan,  and  the  Nare  Point,  near  St. 
Anthony,  form  the  geological  continuation  of  the  con- 
glomerates of  the  Nare  Head,  near  Veryan,  and  Carhays 
Cove,  in  Veryan  Bay,  is  very  probable,"  occurring 
in  "patches,"  and  "fining  off"  somewhat  suddenly 
towards  Gorran,  and  on  the  west  of  Trelowarren,  the 
causes  which  produced  them  having  acted  at  the 
same  time.  Trappean  rocks  of  a  vesicular  and  contem- 
poraneous character  are  found  near  the  conglomerate 
at  Trelowarren,  reminding  us  of  the  association  of 
trappean  rocks  with  conglomerate  at  the  Nare  Head, 
near  Veryan,  and  at  Carhays."  He  points  out  the 
similarity  of  the  section  from  the  Nare  Point  towards 
Porthalla  to  that  from  Carhays  towards  the  Dodman 
correlating  the  quartz  rock  and  limestones,  the  lime- 
stone of  Betsey's  Cove,  Porthalla,  being  made  to  cor- 
respond to  the  Gorran  Haven  horizon,  (p.  96.)  "The 
conglomerates  fine  off  on  the  west  of  Trelowarren, 
and  arenaceous  rocks  are  continued  in  their  line  of 
direction  to  the  western  coast,  mixed  with  argiUaceous 
slates,  and  dipping  as  a  mass  to  the  S.S.E.,  though 
bent  round  so  as  to  take  an  eastern  dip  near  Trenoweth 
and  Pengwinion  Head.  A  mixture  of  arenaceous 
beds  and  argillaceous  slate  continues  to  Bellurian 
Cove"  with  general  dip  to  south  and  south-east. 
"At  Bellurian  Cove,  near  Mullion,  the  junction  of 
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the   hornblendic   rock  with  the   argillaceous   slates 
on    the    north   is   marked    by    the    presence   of  a 
conglomerate    with    a    calcareo-magnesian    cement, 
containing  sprigs   of  copper  and  iron  pyrites.     In 
this  conglomerate  are  portions  of  limestone  similar 
to   that  which   occurs   in   Betsey's    Cove,  north  of 
Porthalla,  and  also  fragments  which  appear  to  have 
been  derived  from  an  arenaceous  part  of  the  same 
series.     We  were  unable  to  detect  any  fragment  of 
the  adjacent  hornblende  slate  and  rock,  which  indeed 
seems  to  rest  upon  this  conglomerate.     On  the  north 
of  the  conglomerate  we  find  argillaceous  slate  and 
arenaceous  grauwacke,   among  which  there   is  cal- 
careous matter."    (p.  31.)     Referring  to  the   Nare 
Point  conglomerate,  he  says  (p.  30)  that  the  horn- 
blende slates  were   probably  denuded  prior  to  the 
appearance   of  the  serpentine  and   diallage   of   the 
Lizard  district ;    "for  rounded  pieces  of  the  horn- 
blende  slate,  though   rare,  are  found  in  the   con- 
glomerate, while  no  trace  has  yet  been   discovered 
of  either  serpentine  or  diallage  rock.*'     The  junction 
of  the  hornblende  slates  with  the  "coarse  beds  of 
slate  and  arenaceous  rocks"  (p.  96),  which  succeed 
the  Betsey's  Cove  limestone,  is  said  to  be  obscure. 
In  this  page  the  absence  of  serpentine  or  diallage  in 
the  rocks  between  the  Lizard  district  and  the  granite 
on  the  north  is  alluded  to.     The  prevalent  northerly 
dips  of  the  hornblendic  rocks  near  their  northern 
miirgin  as  opposed  to  the  southerly  inclination  of  the 
bordering  slate  series  is  also  pointed  out  (p.   31). 
In  allusion  to  the  Nare  Head  rocks  (pp.  84,  85),  he 
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says,  "  We  not  only  find  [in  them]  the  more  common 
modifications  of  the  trappean  rocks  of  the  district, 
and  schistose  conglomerates  with  a  trappean  cement, 
but  serpentine  and  diallage  rock,  mixed  in  a  manner 
with  the  others,  which  would  seem  to  mark  local 
igneous  action  during  the  formation  of  this  part  of 
the  general  series,  accompanied  by  a  small  upburst 
of  serpentine  and  diallage  rock,  both  of  which 
resemble  the  same  rocks  in  the  Lizard  district,  and 
are  well  characterized." 

We  have  therefore,  according  to  De  la  Beche, 
patches  of  serpentine  in  two  places  outside  of  the 
Lizard  district,  and  these  many  miles  apart ;  namely, 
near  Nare  Head  and  near  Clicker  Tor ;  and  these  are 
not  very  far  oflF  from  calcareous  slates  in  each  case. 
It  must  be  confessed  that  the  correlation  of  the  Looe 
beds  with  those  of  Black  Head,  Gorran  Haven,  and 
Porthalla,  as  suggested  by  De  la  Beche,  has  in  many 
respects  the  aspect  of  probability.  "Upon  the 
whole,"  he  says  (p.  99),  "it  seems  to  us  far  from 
improbable  that  the  serpentine  of  the  Lizard  was 
ejected  at  an  epoch  corresponding  with  the  deposit  of 
some  of  the  sedimentary  rocks  of  South  Devon  and 
Cornwall,  perhaps  at  one  not  far  different  from, 
though  somewhat  posterior  to,  that  when  the  diallage 
rock  and  serpentine  near  Veryan  became  associated 
with  the  trappean  rocks  and  conglomerate  of  the 
Nare  Head.  Whatever  objection  there  may  be  to 
this  view,  there  seems  fair  evidence  whence  to  infer 
that  the  serpentine  was  produced  before  the  diallage 
rock,  and  anterior  to  certain  granitic  veins  .  .  .  which 
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not  only  cut    through  it,    but  the    diallage    rock 
also." 

The  slate  series  we  have  been  considering,  with  its 
calcareous  and  conglomeratic  beds,  is,  as  we  have 
seen,  separated  by  red  variegated  slates  from  the 
slates  of  Feock;  and  this  variegated  band  has  been 
traced  through  Mawnan  and  Gweek  on  the  north  of 
the  Helford  toward  Looe  Pool. 

FEOCK,   HELSTON,   PENZANCE,   AND   GWINEAB. 

"  Quitting  the  Lizard  district  [p.  99],  argillaceous 
slates,  intermixed  with  trappean  rocks  in  their 
general  line  of  strike,  rise  from  beneath  the  red 
and  variegated  beds  near  Gweek.  Arenaceous  and 
quartzose  beds  are  found  on  Helston  Downs  and  in  the 
line  of  direction  to  the  north-east,  gradually  merging 
into  more  argillaceous  rocks  towards  the  south-west. 
While  some  of  the  trappean  rocks  are  hard,  and 
seem  contemporaneously  intrusive  .  .  .  others  are 
somewhat  schistose,  more  combining  the  appearance 
also  of  sedimentary  deposits  of  trappean  matter,  the 
latter  being  however  rare.  Good  sections  of  hard 
trappean  rocks,  and  of  their  mode  of  occurrence 
amid  the  slates,  will  be  obtained  on  the  coast  near 
Porthleven,  where  some  are  observed  to  be  con- 
cretionary. 

"The  granite  extending  from  Godolphin  Hill  to 
Trewavas  Head  [p.  100]  disturbs  the  schistose  rocks 
in  their  course  to  the  westward,  protruding  through 
them ;  and  little  satisfactory  can  be  observed  among 
the   lodes  and    cross -courses   between    Breage    and 
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Clowance.  On  the  west  of  the  Trewavas  granite 
we  find  argillaceous  slates  intermixed  with  trap  rock, 
some,  particularly  those  at  Cuddan  Point,  possessing 
the  contemporaneous  character  so  often  noticed, 
while  others  are  beautiful  •  greenstones,  less  clearly 
ejected  at  the  same  period  with  the  formation  of 
the  sedimentary  rocks  with  which  they  are  associated. 
These  and  the  slates  have  a  strike  to  the  north-east 
and  north-north-east.  The  country  is,  however,  so 
cut  to  pieces  by  lodes,  cross-courses,  and  elvan  dykes, 
that  little  is  accomplished  in  tracing  them  in  the 
direction  to  which  they  point,  though  probably 
they  are  connected  with  the  line  of  slates  and 
trappean  rocks  which  range  from  Camborne  to 
St.  Erth." 

The  arenaceous  rocks  of  Newlyn  Downs  prolonged 
to  Hayle  are  said  apparently  to  support  this  last- 
named  "line  of  slates,  intermingled  with  trappean 
rocks,  for  the  most  part  hard  greenstones,  which  run 
from  Redruth  by  Camborne  and  Gwinear  to  St. 
Erth.  Continuing  the  line  of  strike,  there  is  an 
absence  of  trappean  rocks  in  the  slates  between  St. 
Erth  and  Ludgvan,  but  they  reappear  thence  round 
by  Penzance  and  Newlyn  to  the  sea  near  Mousehole. 
The  trappean  rocks  near  Penzance  are  extremely 
interesting  from  the  contemporaneous  manner  in 
which  they  are  associated  with  the  accompanying 
argillaceous  slates 

"  The  relative  proportion  of  felspar  and  hornblende 
frequently  varies  in  the  trappean  rocks;  so  that 
sometimes  they  become  nearly  felspar  rock,  while  at 
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others  they  are  loaded  with  hornblende.  The  rocb 
which  skirt  the  Land's  End  on  the  north  may  be  a 
portion  of  this  series  turned  up  by  the  protrusion  of 
the  granite.  As  mineral  compounds,  and  in  the 
relative  occurrence  of  their  constituent  parts,  they 
closely  agree  with  the  rocks  near  Penzance." 

The  beds  we  have  been  considering,  if  there  is  any 
reliance  to  be  placed  on  the  direction  of  the  igneous 
masses  associated  with  them  as  shown  on  the  map, 
would  appear  to  be  deflected  round  the  Land's 
End  granite;  but  inasmuch  as  the  Falmouth  red 
variegated  beds  separate  them  from  the  Mevagissey 
slates,  and  the  latter  are  also  bounded  by  the 
arenaceous  beds,  continued  to  Pentuan,  it  follows, 
either  that  both  these  series  are  tlie  same,  and  the 
red  slates  either  a])ove  or  impersistent  in  them,  or 
that  the  arenaceous  beds  are  unconformable  to  the 
strata  on  the  south ;  that  is  as  far  as  the  Report 
alone  enables  us  to  form  an  opinion.  The  absence 
of  any  definition  of  the  beds  bordering  the  granite 
between  Wendron  and  Gwinear  is  regretable. 

In  the  strata  described  above  arenaceous  beds  are 
said  often  to  be  associated.  Whether  in  a  description 
so  general,  distinctive  arenaceous  horizons  have  been 
lost  is  a  matter  we  cannot  offer  an  opinion  on ;  but 
in  the  third  branch  of  the  subject  we  embrace  those 
beds  which  are  specially  designated  as  arenaceous 
rocks  in  the  Report,  and  from  their  value  as  marked 
horizons  are  obliged  to  enter  more  into  stratigraphical 
details  than  in  foregoing  notes.  These  arenaceous 
tracts  may  be  mentioned  in  three  groups ;  viz.,  the 
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Staddon  group,  the  St.  Breock's  Down  group,  and  the 
Newlyn  Downs  group. 

STADDON  GROUP. 

A  band  of  arenaceous  rocks  is  noticed  (p.  78) 
ranging  from  Erme  Mouth  in  Devon  toward  Modbury, 
where  grits  and  quartz  rock  occur  on  Black  Down. 
Near  Tor  and  Sherlangston  very  quartzose  rock  is 
found,  which,  near  Modbury,  is  described  as  a 
mixture  of  quartz  and  felspar,  and  although  hesi- 
tatingly classed  by  De  la  Beche  as  an  elvan,  evidently 
appears  to  be  an  arkose.  This  band  is  separated  from 
the  Staddon  group  by  variegated  slates  occurring 
between  Yealm  Mouth  and  Erme  Mouth ;  and  De 
la  Beche  confesses  to  a  "  diflSculty  in  making  good 
the  connection  of  the  Staddon  Point  grits  and  the 
sandstones  of  Black  Down."  He  regarded  the 
Staddon  grits  as  equivalent  to  the  Cockington  grits, 
a  correlation  I  endorse,  but  can  say  nothing  as  yet  as 
to  the  Modbury  horizon.  The  Staddon  grits  are 
Bissociated  with  red  slates,  and  are  overlain,  according 
to  De  la  Beche,  by  grey  slates  (p.  65),  fossiliferous 
in  Bovisand  Bay,  and  the  same  series  as  those  of 
the  Rame  Head. 

I  have  elsewhere  produced  my  proofs  as  to  the 
Lower  Devonian  (Coblenzian)  age  of  the  Cockington 
beds,*  and  consequently  of  the  Staddon  group  with 
which  I  connect  them.  The  succession  from  the 
Plymouth  limestone  southward  being  inverted  it  is 

*  The  Ck>ckington  beds  may  include  part  of  the  Meadfoot  series, 
rendered  indistinguishable  by  peroxidation. 
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probable  that  we  have  a  downward  succession  of 
grits,  grey  slates,  variegated  slates.     This  succession 
accords  very  well  with  the  apparent  grouping  of  the 
Lower  Devonian  in  the  Kingswear  promontory.     But 
if,  as  De  la  Beche  thought  (p.  73),  the  upper  grit 
series  near  Sharkham  Point  is  a  continuation  of  the 
Modbury  and  Morleigh   Down  horizon,   the    latter 
would  be  brought  into  direct  correlation  with  the 
Staddon   and  Cockington  beds.     This  would  entail 
the  intervention  of  a  corresponding  grey  slate  series, 
at  or  near  Erme  Mouth,  to  that  on  the  south  of 
Staddon.     As  however  De  la  Beche  has  omitted  all 
mention  of   such  a  series  (p.  77)  occurring  in  the 
Kingsbridge  district,  although  in  the  Kingswear  area 
I  have  traced  locally  fossiliferous  grey  slates  between 
the  arenaceous  rocks  on  the  north  and  the  variegated 
Dartmouth  slates  on  the  south,  it  is  very  probable 
that  they  are  similarly  included  by  him  in  tHe  varie- 
gated slate  group,  and,  therefore,  the  omission  in  no 
way  militates  against  a  probable  correlation  of  the 
Staddon  and  Modbury  Rocks.     Moreover,  the  varia- 
bility of  the  Modbury  Rocks  on  their  strike,  and  the 
absence  of  hard  lines  of  demarcation  for  the  group,  is 
pointed  out.  (p.  77.) 

Unfortunately  all  we  are  told  as  to  the  extension  of 
the  Staddon  beds  is,  that  "they  cut  across  the  land 
on  the  west." 

I  have  shown  the  probability  of  an  extensive  fault 
or  series  of  faults  running  from  Plymouth  Sound, 
near  Cawsand,  toward  Clicker  Tor  and  Liskeard, 
cutting  oflF  Upper  and  Middle  Devonian  beds  on  the 
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north-east  from  Lower  Devonian  on  the  south-west. 
Certainly,  from  personal  observation,  I  see  no  evidence 
of  the  continuation  of  the  Staddon  grits  to  the 
coast  between  Rame  Head  and  Looe,  which  I  con- 
sider to  be  formed  of  beds  lower  in  the  Lower 
Devonian  series,  and  the  strike  of  the  grits  near 
Maker  Barracks  does  not  justify  such  an  extension, 
nor  do  they  appear  to  be  prolonged  to  the  margin  of 
Millbrook  Creek ;  the  probabilities  are  in  favour  of  a 
fault  boundary  running  from  Maker  Barracks  in  a 
north-westerly  direction,  and  that  the  beds  of  the 
coast  section  are  cut  oflF  across  their  strike  successively 
against  the  Staddon  grits.  Middle  Devonian  slates, 
and  Upper  and  perhaps  Middle  Devonian  slates  with 
volcanic  bands. 

The  Looe  River  section  (p.  80)  shows  "  arenaceous 
beds  and  argillaceous  slate"  dipping  south  under 
the  calciferous  rocks  of  Looe,  while  a  narrow  band  of 
quartzose  rocks  traverses  the  line  of  section  near 
High  Tredinick.  "  Hence  to  the  northward  there  is 
an  intermixture  of  sandstones  and  slates  until  near 
the  line  of  Liskeard  we  arrive  at  the  arenaceous  beds 
among  which  quarries  of  building-stone  are  common. 
The  general  dip  of  these  beds  ...  is  to  the  south- 
ward." The  "line  of  Liskeard"  is  topographically  very 
vague,  as  we  find  no  further  mention  of  sandstones 
near  that  town ;  if  we  here  refer  to  Dr.  Holl's  work, 
we  find  mention  of  an  arenaceous  band  apparently 
terminating  eastward  either  in  fault  or  anticline  at 
the  Looe  River.  If  this  is  the  rock  referred  to  by 
De  la  Beche  it  strikes  west  to  the  arenaceous  rocks 
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of  Boconnoc  with  which  it  would  appear  to  be  con- 
nected. But  whilst  the  prevalent  dips  in  the  Looe 
Valley  are  said  to  be  southward,  those  in  the  Fowey 
Valley  are  assigned  a  general  northerly  direction, 
(p.  81.)  "The  northern  dip  continues  beyond  the 
Fowey  river  in  the  direction  of  St.  Neots,  where, 
approaching  the  granite,  it  becomes  reversed,  without, 
however,  the  re-appearance  of  the  marked  beds  on 
the  south." 

The  Fowey  section,  proceeding  northwards  from 
Pencarrow  Point  to  the  granite  at  Warleggon,  is 
thus  given  in  Fig.  2  Plate  2 : 

Pencarrow  Point  calcareous  slates  with  organic 
remains  overlain  by  grey  argillaceous  slates  which, 
at  about  a  mile  from  the  point,  pass  under  red  and 
variegated  slate,  extending  for  about  a  mile  and  a 
half  northward  through  Polgreen,  and  overlain  by 
**  argillaceous  slates  commonly  grey,"  extending  for 
about  three  miles  to  the  north,  and  overlain  toward 
Boconnoc  by  "sandstones,  schistose  sandstones, 
shales  and  argillaceous  slates,  grey,  brown,  and  light 
coloured ; "  these  would  appear  to  extend  for  three 
miles  northward  over  Pendlake  Downs  to  the  Fowey 
river.  At  about  half  a  mile  further,  near  Lower 
Trevorda,  a  synclinal  axis  is  shown,  apparently  in 
slates  overlyiug  the  grits,  as  we  find  the  strata  at 
Bofindle,  and  thence  to  the  granite,  intersected  by 
elvans,  and  described  as  slate,  altered  near  Warleggon 
by  the  granite  protrusion. 

A  curve  in  dips  round  Pel)nit  is  noticed,  (p.  81.) 
This,  however,  does  not  explain   the   contradictory 
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nature  of  the  Looe  and  Fowey  sections;  for  if,  as 
De  la  Beche  supposes,  the  Pencarrow  beds  correspond 
to  those  of  Looe,  we  should  have  a  descending 
sequence  in  the  Looe  section,  and  an  ascending 
sequence  in  the  parallel  Fowey  section ;  if,  on  the  con- 
trary, one  of  the  sections  is  inverted,  namely,  that  of 
the  Looe  Valley,  a  correspondence  can  only  be  assumed 
by  premising  either  a  considerable  change  in  the 
characters  of  the  beds,  or  a  very  generalized  descrip- 
tion of  those  in  the  Looe  Valley,  which  is  rendered 
improbable  by  the  precise  definition  of  the  band  of 
quartzose  rock.  It  must,  however,  be  borne  in  mind 
that  every  analogy  furnished  by  the  palaeozoic  rocks  of 
Devonshire  is  against  the  permanence  of  horizons  on 
strike  lines.  With  the  partial  exception  of  the  North 
Devon  area,  as  a  rule  we  find  the  plications  inverted, 
and  whether  anticlinals  or  synclinals  the  continuity 
of  divisions  affected  by  them  is  largely  influenced 
by  the  lengths  of  the  axes  of  plication,  hence  we 
cannot  dogmatize  with  the  assistance  of  materials 
so  entirely  inadequate  as  those  furnished  by  the 
literature  of  Cornwall,  in  which  from  a  natural  and 
philosophical  standpoint  the  time-honoured  work  of 
De  la  Beche  to  this  day  takes  the  premier  place. 
This  work  is  generalized  to  so  great  an  extent  that 
we  cannot  follow  the  minutiae  of  structure,  either 
from  the  text  or  from  the  very  infrequent  dips 
shown  on  the  map,  and  are  consequently  obliged  to 
assume  much  that  is  really  unknown.  '  It  will  thus 
be  readily  conceived  that  the  discrepancies  between 
the   Looe  and  Fowey  sections  may  be  due  to  the 
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impersistence  of  the  higher  and  lower  beds  along 
curves. 

The  arenaceous  rocks  of  Boconnoc  (p.  80)  contain 
"  some  very  compact  and  thick  beds ; "  they  extend 
"from  Bury  Down  by  Bucka  Burrows,  Boconnoc, 
Rye  Downs,  Four  and  Five  Barrow  Hills,  to  Broaduak 
Common."  The  sandstones  "  may  be  seen  much  con- 
torted in  a  few  quarries"  (p.  81),  and  great  caution 
is  necessary  in  assuming  structure  from  dips,  "  par- 
ticularly as  there  is  much  obscurity  in  the  relative 
positions  of  these  grits,  and  of  the  country  around 
Bodmin."  "  At  Bodmin  Down  and  Castle  Canyke 
the  want  of  good  sections  was  much  felt,  occurring 
as  their  component  arenaceous  rocks  do  between 
the  sandstone  range  of  St.  Breock's  Downs  and  the 
arenaceous  beds  of  Five  Barrow  Down ;  so  that  it 
becomes  exceedingly  diflficult  to  determine,  where 
mineral  character  was  so  similar,  whether  they  formed 
part  of  a  continuous  series  or  not."  (p.  91.)  If  the 
Boconnoc  rocks  and  those  of  St.  Breock's  Downs  are 
continuous,  he  points  out  the  probability  that  the  dips 
in  the  grey  and  red  slates  south  of  the  former — ^that 
is,  in  the  Fowey  section — are  cleavage  dips,  and  that 
the  true  dip  is  southward. 

The  high  land  of  St.  Breock's  Downs  ranges  from 
the  coast  on  the  north  of  Mawgan  Forth  to  Huslyn 
and  Nantallan  Downs,  near  Bodmin ;  it  is  "  chiefly 
composed  of  arenaceous  rocks,  many  of  the  beds 
approaching  quartz  rock,  and  some  being  micaceous. 
They  seem  to  have  been  subjected  to  great  force, 
which  has  squeezed  them  up  in  the  line  of  direction/' 


18W.]  a^  described  by  De  la  Beche.  309 

(p.  90.)  (HoU  also  alludes  to  the  anticlinal  of  St. 
Breock's  Downs.)  A  sketch  of  the  contortions  in 
these  beds  at  High  Cove  is  given  (fig.  10,  p.  90), 
"  where  the  sandstones  would  appear  to  be  less  abun- 
dant than  in  the  direction  of  St.  Breock's  Downs. 
In  that  direction  the  arenaceous  beds  are  traversed 
by  numerous  quartz  veins,  cementing  fragments  of 
the  sandstones  that  appear  to  have  been  much 
shattered.  The  arenaceous  and  quartzose  rocks  of 
St.  Breock  8  Downs  are  not  continued  far  with  the 
same  characters  across  the  Camel  eastward.  There 
are  arenaceous  beds  in  the  line  of  strike,  but  [p.  91] 
they  are  not  generally  so  highly  quartzose  as  those 
of  the  Downs."  Northerly  dips  are  shown  on  the 
map,  and  alluded  to  in  the  text,  near  Huslyn  and 
Nantallan  Downs.  De  la  Beche  conjectures  (p.  81) 
the  correlation  of  the  arenaceous  rocks  of  Boconnoc 
with  those  of  Modbury  upon  grounds  which  are  quite 
inadmissible,  nevertheless  the  correlation  may  hold 
good ;  but  if  so  the  St.  Breock's  beds,  whether  con- 
tinuous or  not  with  those  of  Boconnoc,  would  belong 
to  the  same  series,  as  their  position  entitles  us  to 
regard  them  as  equivalent  to  the  Lincombe,  Warberry, 
Cockington,  and  Staddon  grits. 

NEWLYN  DOWNS   BEDS. 

The  remaining  arenaceous  horizon  is  of  very  great 
importance,  as  it  separates  the  district  in  which  the 
Lower  Silurian  rocks  ate  said  to  occur,  from  an  area 
on  the  north  which  can  scarcely  exhibit  older  strata 
than  the  Gedinnien,  or  basement  beds  of  the  Lower 
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Devonian.  It  must  be  borne  in  mind  that  both  in 
North  and  South  Devon  the  Lower  Devonian  rocks 
are  extensively  developed,  and  are  variable  in 
character;  that  they  are  in  parts  more  or  less 
calcareous,  as  in  the  Lynton  beds  and  the  Meadfoot 
beds ;  that  in  South  Devon  a  very  recent  discovery 
enables  me  to  state  that  signs  of  contemporaneous 
volcanic  action  occur  in  them;  and,  finally,  that 
whcA  we  turn  to  the  continent,  we  find  a  vast  thick- 
ness of  strata  divided  into  broad  groups,  and  these 
again  into  minor  sub-divisions. 

"An  arenaceous  rock  [p.  83],  almost  approaching 
a  fine-grained  conglomerate,  is  found  on  the  south  of 
the  river  near  Pentuan,  a  continuation  of  similar  beds 
near  Grampound."  "  The  fine-grained  conglomerates 
[p.  92],  which  are  mingled  with  the  rocks  near 
Grampound,  dip  as  a  whole  northerly,  supporting 
grey  argillaceous  slates,  on  which  the  red  and 
variegated  beds  of  St.  Stephen's  rest." 

The  relations  of  the  Mevagissey  slates  on  the 
south  of  the  band  are  referred  to  (p.  83)  without 
any  definition  of  them,  so  that  the  junction  might 
be  natural,  and  the  slates  over  or  underlying  the 
arenaceous  series,  or  faulted  against  it,  or  unconform- 
able to  it. 

To  resume  (p.  92) :  "  Taking  this  arenaceous  or 
conglomerate  rock,  from  the  general  scarcity  of  such 
deposits  in  the  district,  as  a  guide,  we  can  follow  it 
between  Ladock  and  Probus,  after  which  the  sections 
are  indifierent  in  the  line  of  strike.  Still,  similar 
beds  may  from  time  to  time  be  seen  in  the  direction 
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of  Trevalsa  and  Zealla,  on  the  north-west  of  St. 
Allen.  Near  the  former  place  it  is  well  characterized, 
and  some  of  the  constituent  detritus  of  the  size  of 
shot  and  peas.  Here  it  dips  southeriy,  resting  upon 
and  apparently  connected  with  the  arenaceous  beds 
and  argillaceous  slates  of  Newlyn  Downs,  rocks 
which  from  their  prevalent  dip  seem  to  rest  upon 
the  slates,  at  the  lower  part  of  which  we  find  the 
calcareous  rocks  of  New  Quay,"  etc. 

"The  country  is  so  cut  up  by  lodes  and  elvan 
dykes  between  St.  Agnes  and  the  Falmouth  Estuary, 
that  the  relative  positions  of  the  constituent  beds 
are  difficult  to  determine.  Arenaceous  rocks,  mixed 
with  argillaceous  slates,  extend  from  the  sea  near 
Portreath,  by  Prince's  Common,  to  Penhallow  Downs, 
continuing  thence  in  a  direction  towards  the  coarser 
detrital  deposits  near  Trevalsa,  and  [p.  93]  the  mixed 
arenaceous  and  slate  beds  on  the  north  of  it,  the  line 
of  strike  having  made  a  great  bend  in  conformity  to 
the  general  range  of  the  land.*' 

The  arenaceous  rocks  are  continued  (p.  100)  from 
Portreath,  "with  a  south-west  strike,  by  Tehidy, 
Trewithan  Down,  Gwythian,  and  Connor  Down,  to 
Hayle,  extending  to  the  coast  on  the  north,  and 
apparently  supporting  a  line  of  slates  intermingled 
with  trappean  rocks  .  .  .  which  runs  from  Redruth 
to  St.  Erth." 


•  •  • 


BE  LA   BECHE  S   CORRELATIONS. 

De  la  Beche  (p.   92)  found  the  absence   of  red 
variegated  slates  on  the  borders  of  this  arenaceous 
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group  an  obstacle  to  its  correlation  with  the  strata  of 
St.  Breock's  Down,  though  he  remarks  that  the  red 
colour  may  be  impersistent  westward  from  St 
Stephens,  and  is  particular  in  alluding  (p.  93)  to  the 
occurrence  of  red  and  variegated  slates  in  the  mines 
of  Gwennap  and  Redruth. 

If  we  take  the  red  variegated  slates  of  St.  Kew 
and  St.  Minver  as  a  horizon,  corresponding  roughly 
to  that  of  Devonport  and  St.  Germans,  the  larger 
part  of  this  series  being  grey  or  greenish,  as  we 
find  in  the  railway  cuttings  by  the  new  line  firom 
Tavistock  to  Plymouth,  it  will  appear  that  De  la 
Beche  regarded  the  Tintagel  and  Petherwin  part  of 
the  series  as  the  uppermost,  and  directly  overlain  by 
the  Culm  Measures  (pp.  56,  57),  and  that  he  corre- 
lates (that  is,  always  with  qualification)  the  calciferous 
beds  of  the  Padstow  area  with  those  of  TintageL 
This  is  explained  by  the  position  of  the  Padstow 
beds  in  a  synclinal,  as  shown  in  plate  2,  fig.  3. 
Round  this  syncline  (p.  91)  he  traces  the  St  Kew 
and  St  Minver  beds ;  and  these  he  shows  on  either 
side  (Park  Head  and  Watergate  Bay)  of  the  sand- 
stones of  St.  Breock's  Down  arched  up  from  beneath. 
He  thus  (p.  91)  correlates  generally  the  calciferous 
rocks  of  Newquay  and  neighbourhood  with  those  of 
Rock  and  Padstow,  and  therefore  with  the  Petherwin 
beds.  But  the  weakness  of  this  generalization  is 
shown  by  the  correlations,  as  lower  bands  of  cal- 
ciferous rocks,  of  the  Looe  beds,  with  those  of 
Pencarrow  Point  and  of  Gorran  Haven.  For  the 
Newquay    beds   are,    as    a   "legitimate    inference," 


1890.]  as  described  by  De  la  Beche.  313 

shown  as  continuous  eastward  to  the  Black  Head 
(p.  92) ;  and  there  they  contain  calcareous  beds, 
which  are  "from  general  considerations"  (p.  82)  said 
to  underlie  the  red  variegated  slates  of  St.  Austell, 
and  therefore  to  correspond  to  the  Looe  and  Pen- 
carrow  Point  beds.  That  is  to  say,  the  Newquay 
series  corresponds  to  the  Petherwin  beds  at  Newquay 
and  to  the  Looe  beds  at  the  Black  Head.  But  as 
the  red  variegated  slates  of  Watergate  Bay  are 
shown  to  pass  under  the  Newquay  beds,  and  the 
red  variegated  slates  of  St.  Austell,  which  occupy 
the  same  relative  position,  to  pass  under  the  Black 
Head  beds,  a  connection  between  the  St  Austell 
and  Watergate  Bay  slates  would  be  out  of  the 
question.  De  la  Beche  regarded  the  variegated 
slates  of  St.  Austell  as  higher  than  those  of  Falmouth, 
and  as  he  places  the  Looe  beds  below  the  former,  the 
correlation  with  Gorran  and  the  assumption  that  the 
Veryan  and  Polgrain  calcareous  bands  are  lower  in 
the  series  than  those  of  Looe,  entails  the  following 
descending  sequence : 

Red  variegated  slates  of  St.  Austell. 

Looe,  Pencarrow,  Black  Head,  and  Gorran  beds. 

Red  variegated  slates  of  Falmouth,  Truro,  etc. 

Slates  of  Feock,  and  those  of 

the    Helston,     Penzance,    Hayle,     and     Gwinear 

districts,  with  igneous  rocks. 

To  get  at  anything  like  an  intelligible  view  of  the 
correlations  from  the  St.  Austell  slates  upward,  we 
must  assume  the  representation  of  the  Looe  beds, 
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and  of  a  continuation  or  representation  of  the  St. 
Austell  red  beds,  in  the  slate  district  between  the 
arenaceous  rocks  of  Newlyn  Downs  and  the  calciferous 
slates  of  Newquay,  and  this  entails  another  difficulty 
with  regard  to  the  St.  Breock's  Down  rocks.  I  think 
therefore  it  is  quite  useless  to  speculate  as  to  how 
these  correlations  may  be  sustained. 

There  are  several  noteworthy  points  about  the 
sections  (figs.  2,  3,  and  4,  plate  2).  In  every  case 
the  dips  are  shown  off  the  granite,  and  in  one  place, 
between  Carnmarth  and  Fenstruthal  (fig.  4),  a  small 
synclinal  of  slate  is  shown  resting  on  the  granite. 
The  arenaceous  rocks  of  Newlyn  Down  are  said  to 
be  traced  by  Penhallow  Downs  to  Portreath  (pp.  92, 
93) ;.  yet  on  the  section  (fig.  4)  which  traverses  this 
district  there  is  no  mention  of  arenaceous  rocks  ; 
whilst  the  beds  of  St.  Agnes  district,  not  specified 
in  the  Report,  are  described  as  "  argillaceous  slates, 
commonly  grey,"  overlain  south  of  Mongoose  Downs 
by  argillaceous  slates,  occasionally  reddish.  This  is 
embarrassing,  as  it  leaves  us  entirely  in  doubt  as  to 
whether  the  finely  conglomeratic  and  arenaceous 
rocks  of  Pentuan  and  Grampound  run  out  seaward 
at  Perran  Bay  on  the  west,  and  so  allow  of  a  pro- 
longation of  the  Mevagissey  slates  to  St.  Agnes,  and 
of  the  Falmouth  red  slates  to  Portreath,  as  arenaceous 
rocks  are  said  to  be  irregularly  mixed  with  the  red 
slates  between  Pendennis  and  Swan  Pool.  Be  this 
as  it  may,  the  general  drift  of  De  la  Beche's  obser- 
vations points  to  the  importance  of  the  arenaceous 
horizon  of  Grampound,  and  seems  to  mark  off  the 
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districts  on  the  south  of  it  from  those  on  the  north. 
On  the  north  there  appears  to  be  a  general  paraUelism 
of  strike  to  this  band;  whilst  on  the  south  such  a 
paralleUsm  is  not  apparent,  there  being,  as  well  as 
the  inadequate  information  enables  us  to  judge,  either 
a  faulted  or  unconformable  boundary.  Now  assuming 
the  Caradoc  age  of  the  Gorran  beds  as  proven,  there 
being,  as  far  as  I  know,  no  strata  proved  to  be  as  old 
by  fossil  evidence  further  north,  I  can  see  no  shred 
of  evidence  for  inferring  that  anything  older  than 
the  Gedinnien  occurs  amongst  the  stratified  rocks  of 
Cornwall  north  of  Grampound.  If  it  be  granted 
that  the  disturbed  Devonian  area  of  South  Devon  is 
made  up  of  a  thinner  general  representation  of  the 
Devonian  than  is  found  in  the  North  Devon  area,  and 
that  in  this  respect  the  Cornish  Devonian  rocks  are 
also  at  a  disadvantage,  notwithstanding,  a  considerable 
allowance  must  be  made  for  the  granite  masses  of 
Camelford  and  St.  Austell  wedging  the  strikes  out- 
ward, and  for  myriads  of  inverted  repetitions.  In 
the  comparatively  undisturbed  country  of  North 
Devon  inversions  are  sufficiently  prevalent  to  render 
any  estimate  of  the  thickness  of  the  sub-divisions 
utterly  untrustworthy.  In  the  country  between 
Tavistock  and  Plymouth,  which  must  be  taken  as  a 
type  of  the  North  Cornwall  rocks,  of  which  it  is  the 
easterly  prolongation,  I  fail  to  recognize  anything 
lower  than  the  Middle  Devonian  (see  Trans,  Devon, 
Assoc,  pp.  437-451);  and  in  the  Goldstreet  Farm 
cutting  Culm  Measures  occur  faulted  down  on  both 
sides.      The   westerly  prolongation   of  these  faults 
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would  be  along  the  south  margin  of  the  granite  of 
St.  Cleer  and  Warleggon  ;  that  is,  assuming  their 
prolongation  along  the  latitude  of  Goldstreet  Farm. 
This  suggests  the  probability  of  similar  Culm  Measure 
inliers  in  the  Cornish  Devonian  area.  The  mention 
of  the  occurrence  of  dark  flinty  shales  at  Hurrygulter 
on  the  north,  and  at  Helstone  on  the  south  of  Camel- 
ford  (p.  58)  in  the  Report,  suggests  the  occurrence  of 
Culm  phtanites  or  Coddon  Hill  Beds.  On  p.  107  in 
the  Report  a  junction  between  Culm  and  Devonian  is 
figured,  the  Culm  being  in  an  inverted  anticlinal  and 
supported  by  Devonian  over  w'hich  it  has  been  forced 
along  a  thrust  plane,  and  De  la  Beche  suggests  forcing 
over  to  account  for  it. 

Part  II.     Interpretation. 

For  purposes  of  general  and  purely  tentative  corre- 
lation we  may  select  from  the  South  Devon  area 
those  types  which  more  or  less  nearly  approach  to 
the  character  of  the  Cornish  Devonian  rocks  in  the 
descending  order,  attention  being  paid  to  horizons 
more  or  less  marked  by  distinctive  colouring,  to 
those  locally  calcareous,  to  the  horizons  characterized 
by  contemporaneous  vulcanicity,  and  to  the  occur- 
rence of  arenaceous  bands. 

/I.  Grey  and  pale  greenisli  Diabase    and    mela- 

slates,  locally  red,  phyre  patches. 

2.  Eed  and  pale  green  slates,       Diabase  and  tuffs  of 
locally  dark  grey.  Black  Head,  Tor- 

quay. Felspathic 
tufls  near  Broad- 
sands. 


UPPER 
DEVONIAN. 


1890.] 


as  described  by  De  la  Beche. 


317 


'  3.  Grey  slates  with  occasional 
limestone  bands. 


MIDDLE 
DEVONIAN. 
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4.  Grey  and  reddish  slates  or 

shales,  passing  into  5. 
/5.  Arenaceous  rocks;  mostly 
shaly  splitting  south  of 
Brixham;  often  hard  and 
compact  near  Cocking- 
ton;  largely  associated 
with  shales  and  slates. 
Colour  often  reddish  or 
lilac 
Dark  and  pale  grey  slates 
with  calcareous  matter 
here  and  there,  and  indi- 
vidual beds  or  impersis- 
tent  masses  of  hard,  often 
quartzose,  compact  grit. 

7.  Pale  reddish  lilac,  greenish, 
and  grey  slates,  generally 
glossy. 


Ashprington  volcanic 
series,  probably  also 
partly  contempora- 
neous with  2,  and 
upper  part  of  4. 


No  proofs  of  volcanic 
action  obtained. 


In  lower  part  of  6, 
or  upper  part  of 
7,  signs  of  contem- 
poraneous volcanic 
beds  and  diabase 
masses  (Dartmouth 
area). 


The  exact  relations  of  the  Lower  Devonian  are 
not  yet  clearly  proved,  so  that  the  above  classification 
is  merely  provisional,  and  does  not  carry  us  as  low 
down  in  the  series  as  the  Looe  beds. 


The  North  Devon  Section,  for  purposes  of  com- 
parison with  the  Cornish  types,  may  be  summarized 
thus : 

1.  Slates  with  limestone  lenticles,  local,  and  many 
associated  grit  beds.     Pilton ;  Baggy  beds. 

2.  Indian  red  slates,  local,  at  top  of  Pickwell  Down 
grits;  purple  slates,  local,  at  their  base.  Pick- 
well  Down  beds. 


UPPER 
DEVONIAN. 


MIDDLE 
DEVONIAN. 


LOWER 
DEVONIAN. 
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^3.  Pale  greenish  unfossiliferous  slates  of  Moithoe. 
Morte  slates.  Traces  of  igneous  activity  are  veij 
feebly  evidenced  near  the  top  of  3  (the  Bittadon 

*<  felsite,  &c) 

4.  Grey  slates  with  limestone  lenticles  and  local 
patches ;  intercalated  grits  prevalent  toward  base, 
which  passes  into 

/5.  Slates  and  grits,  the  latter  red  and  quartzose  in  the 
upper  part  of  the  series,  of  variable  colours  and 
texture  in  the  lower.     Hangman  group. 

6.  Irregular,  dark  grey,  partly  calcareous  slates  inter- 
calated with  even-bedded  grey  grits.  Lynton  beds. 

7.  Red  and  grey  grits,  and  occasional  slates;  grits 
often  quartzose.     Foreland  grits. 

I  shall  now  give  a  table  of  the  Cornish  rocks  more 
in  extenso  than  the  above,  and  in  the  descending 
order  in  which  they  appear  to  me  to  occur. 

UPPER  DEVONIAN. 

1.  Gray  and  pale  greenish  slates  of  Tintagel  and 
Petherwin,  with  local  calcareous  seams ;  red  and  varie- 
gated, probably  most  usually  in  their  lower  parts,  in 
which  also  contemporaneous  volcanic  activity  is  most 
frequently  evidenced. 

Probable  Extent. — ^These  beds  by  dips  and  the 
trend  of  the  volcanic  bands  are  traced  from  Pentire 
Point  eastward  toward  St.  Tudy,  and  from  thence  to 
Egloshayle,  probably  trending  from  Egloshayle  in  a 
north-easterly  direction  to  the  granite  margin  between 
Blisland  and  St.  Breward.  From  the  Tintagel  coast 
they  run  round  the  north  boundary  of  the  granite, 
and  appear  to  occupy  the  greater  part  of  the  area 
south  of  Tavistock  between  the  granite  masses,  and 
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to   extend  from  the  north  part  of  Pljnnouth   by 
Menheniot  to  St.  Clear. 

Correspondences. — The  calciferous  portions  of  this 
series  have  their  analogues  in  the  Pilton  beds  of 
North  Devon,  and  in  the  Druid  and  Livaton  beds  in 
South  Devon ;  the  red  variegated  parts  are  com- 
parable to  the  red  and  purple  slates  associated  with 
the  Pickwell  Down  beds,  and  in  South  Devon  to  the 
red  and  variegated  slates  of  the  Entomis  and  Gonia- 
tite,  or  Knollen  kalk,  horizons.  The  pale  greenish 
tints  have  a  resemblance  to  the  Morte  slate  colour, 
and  to  many  local  colour  variations  in  South  Devon. 

MIDDLE   DEVONIAN. 

2.  Gray  slates  with  calcareous  bands  at  Permizen, 
Rock,  Padstow,  &c.,  containing  volcanic  rocks  in 
places.  Calcareous  slates  of  Landulph  promontory 
on  the  Tamar,  and  limestone  and  calcareous  slates 
of  Mount  Edgcumbe  and  Cremyll  Passage. 

Possible  Extension. — ^From  Gunver  Head  round 
Trevose  Head  to  Bedruthan  these  beds  appear  to 
extend,  and  from  the  coast  eastward  to  St.  Tudy. 
They  may  mantle  round  the  granite  from  Blisland 
and  Cardinham  toward  Liskeard.  There  is  good 
reason  for  inferring  the  existence  of  extensive  faults 
in  the  district  bounding  the  granite  at  Warleggon  and 
St  Cleer.  The  persistence  of  the  Middle  Devonian 
slates  toward  Liskeard  depends  upon  the  existence 
and  position  of  dislocations  and  upon  the  structure 
of  St.  Breock's  Downs.  These  beds  occur  at  Lan- 
dulph Point,  where  their  strike  is  northerly,  so  that 
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a  considerable  extension  of  Middle  Devonian  slates 
between  Landulph,  Pillaton,  and  St.  Mellion  seems 
quite  possible ;  the  calcareous  slates  of  Cothele  may 
also  belong  to  this  series,  which  may  have  a  develop- 
ment in  the  vicinity  of  Kingston  Downs,  and  perhaps 
Caradon  Downs.  The  Mount  Edgcumbe  slates  may 
extend  toward  St.  Johns ;  but  although  the  limestone 
on  the  coast  near  Tregantle  appears  to  be  in  line  of 
strike  with  the  Plymouth  and  Mount  Edgcumbe 
beds,  the  probability  of  the  existence  of  an  extensive 
fault  between  them  and  the  occurrence  of  some 
conflicting  dips  in  the  intermediate  country,  causes 
me  to  regard  the  Tregantle  beds  as  Lower  Devonian. 
Correlations. — The  natural  correlation  of  this 
group  is  with  the  Ilfracombe  series  of  North  Devon, 
and  with  those  parts  of  the  South  Devon  area  where 
the  limestone  masses  have  died  out,  or  have  been 
replaced  by  slates.  The  indefinite  passage  from  the 
Middle  to  the  Lower  Devonian,  shown  in  West 
Challacombe  Bay,  North  Devon,  by  the  prevalence 
of  grits  intercalated  with  the  slates,  and  in  South 
Devon  by  an  insensible  transition,  sometimes  in  red 
beds,  as  near  Marldon,  sometimes  in  grey,  can 
scarcely  be  expected  to  exhibit  more  marked  charac- 
teristics in  Cornwall. 

RELATIONS  OF  MIDDLE  AND  LOWER  DEVONIAN. 

I  think  we  are  justified  in  regarding  the  first 
arenaceous  horizon  we  encounter,  viz.,  the  grits,  &c 
of  St.  Breock's  Down,  as  in  part  or  altogether 
representative  of  the  Cockington  and  Staddon  grits. 


i8»o.]  as  described  by  De  la  Beche.  321 

K  this  be  so,  the  structure  of  these  beds  becomes 
of  the  highest  importance.  If  we  assume  De  la 
Beche  and  HoU  to  have  been  correct  in  describing 
the  structure  of  St.  Breock*s  Downs  as  an  anticlinal, 
this  at  once  causes  the  beds  on  either  side  to  corres- 
pond to  the  passage  series  between  the  Middle  and 
Lower  Devonian  {i.e.,  the  Eifelian).  This  assumption 
entails  the  existence  of  a  fault  of  suflBcient  magnitude 
to  prevent  the  outcrop  of  the  grits  to  the  south  of 
the  St.  Breock's  range,  or  else  they  must  re-appear. 
The  arenaceous  rocks  of  Newlyn  Downs,  and  their 
extension  eastward  by  Grampound  to  Pentuan,  being 
the  only  horizon  at  all  comparable  with  them,  we 
must  assume  that  the  intervening  slates  are  in  a 
synclinal,  and  represent  strata  higher  in  the  series 
than  the  main  mass  of  the  Hangman  group,  and 
then  Cockington  and  Staddon  grits.  In  this  case 
we  naturally  ask,  What  becomes  of  the  Meadfoot  beds 
and  of  still  lower  horizons?  Toward  Bodmin  the 
anticlinal  is  not  so  apparent,  and  De  la  Beche  shows 
a  series  of  northerly  dips.  Now  as  we  find  that 
normal  folds  are  quite  exceptional  in  South  Devon, 
and  as  inversions  are  the  rule  between  Tavistock  and 
Plymouth,  it  is  very  unsafe  to  accept  generalizations ; 
and  as  detailed  examination  of  these  disturbed 
Devonian  strata  frequently  falsifies  what  appear  to 
be  safe  inferences  drawn  from  a  rapid  survey,  I 
think  we  may  reject  the  anticline  of  St.  Breocks 
Downs,  as  its  admission  has  created  the  confusion 
I  have  shown  to  exist  in  some  of  De  la  Beche  a 
correlations. 
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LOWER  DEVONIAN. 

Whether  faulted  or  not  along  or  near  their  northern 
'  boundary,  the  St.  Breock's  beds  seem  to  crop  out  on 
their  true  horizon,  and  the  Newlyn  Downs  beds 
extended  in  a  narrow  band  by  Grampound  to  Pentuan 
would  form  a  lower  arenaceous  group,  and  not  improb- 
ably the  basement  member  of  the  Devonian.  On 
this  view  the  calcareous  horizons  of  New  Quay  and 
St.  Columb  Forth  would  correspond  either  to  the 
Meadfoot  beds  or  to  the  Looe  beds.  First  we  will 
suppose  the  equivalence  of  the  New  Quay  beds 
to  the  Meadfoot  series.  The  following  downward 
succession  with  inverted  dips  is  then  given. 

3.  St.  Breock's  Down  arenaceous  rocks. 

4.  Meadfoot  beds  consisting  of  grey  slates  between 

Watergate  Bay  and  Mawgan  Forth  separated 
from  the  New  Quay  slates  by  an  inverted 
anticlinal  of  the  red  variegated  slates  of 
Watergate  Bay. 

5.  Variegated  slates  of  St.  Austell,  probably  repre- 

sented by  grey  slates  between  St.  Stephens 
and  the  coast  of  HoUywell  Bay  on  the  west, 
and  repeated  by  an  anticlinal  in  Watergate 
Bay,  and  thence  to  Tregoss  Moor. 

6.  Looe  beds ;    grey  slates,  &c.,  extending  from 

Penhale  Point  through  Cubert  and  Newlyn 
by  Mitchell  and  Ladock  to  the  Black  Head. 

7.  Grampound  and  Newlyn  Down  arenaceous  rocks, 

also  possibly  represented  in  the  country 
between  Liskeard  and  Looe. 
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The  interpretation  of  the  Liskeard,  Looe,  and  Fowey 
districts  by  this  classification  depends  on  the  exist- 
ence and  position  of  a  great  fault  or  series  of  feults, 
the  strong  probability  of  which  we  have  already 
pointed  out.  Assuming  the  existence  of  such  dislo- 
cations in  the  manner  most  favourable  to  our  present 
point  of  view,  the  arenaceous  rocks  of  Boconnoc 
and  neighbourhood,  regarded  as  a  prolongation  of 
those  of  St.  Breock's  Down,  would  either  terminate 
westward  in  a  synclinal  or  extend  toward  Liskeard, 
and  in  that  district  be  cut  oflF  by  fault.  The  grey 
slates  on  the  south  of  the  Boconnoc  rocks  would  be 
referred  to  the  Meadfoot  series.  The  variegated 
slates  of  St.  Austell,  rounding  by  Pelynt,  would  be 
represented  in  the  direction  of  Menheniot,  the  Looe 
beds  being  thrown  out  along  an  anticlinal. 

Of  course  there  are  many  other  possibilities,  of 
which  the  most  likely  is  that  strata  representing  the 
Grampound  horizon  may  base  the  Looe  beds,  and 
enclose  a  patch  of  older,  possibly  Lower  Silurian  rocks 
terminated  by  fault  near  the  serpentine  of  Clicker  Tor. 

The  alternative  hypothesis  as  to  the  correspondence 
of  the  New  Quay  and  Looe  beds  does  not  aflFect  the 
sequence  above  suggested,  its  eflFect  being  merely 
local  In  this  case  the  variegated  beds  of  Watergate 
Bay  would  crop  out  along  their  strike,  and  continue 
round  the  granite  to  the  St.  Austell  band  at  St. 
Stephens,  or  they  might  be  shifted  south  to  St. 
Stephens  by  fault.  The  information  furnished  by 
De  la  Beche  respecting  the  area  south  of  Liskeard 
\a  too  meagre  to  warrant  further  speculation. 
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GENERAL   CORRELATIONS. 

The  correlations  of  the  Lower  Devonian  rocks  of 
North  and  South  Devon  with  those  of  Cornwall  would 
thus  appear  to  be  : 


CORNWALL. 

St.  Breock's  Down  and 
Boconnoc  grits. 

Newquay  &  Mawgan 
slates,  and  Tregantle 
limestone. 

St.  Austell  and  Water- 
gate Bay  variegated 
slates. 

Looe  beds. 


SOUTH   DEVON. 

Staddon,  Modbury, 
Cockington,  &c., 
beds. 

Meadfoot  bed& 


NORTH   DEVON. 

Hangman  group. 
Lynton  beds. 


Dartmouth  &  Kings-      Foreland  grits. 


Grampoundand  New- 
ly n  Downs  rocks. 


wear  slates. 


(Not  yet  identified.) 


?  Present. 


Possibly  in  part 
represented  by 
Foreland  grits. 

?  Present 


It  is  not  my  purpose  to  examine  the  evidence 
respecting  the  stratified  rocks  south  of  Grampound 
in  detail.  I  would,  however,  point  out  that  it  is  by 
no  means  certain  that  we  have  a  descending  sequence 
from  the  Gorran  limestone  to  Grampound,  as  apart 
from  the  suggestion  that  the  Gorran  limestones  may 
be  repeated  in  the  Veryan  horizons,  the  likelihood  of 
inverted  junction  dips  renders  it  rather  more  probable 
that  the  succession  is  in  the  upward  scale. 

The  character  of  the  strata,  omitting  the  Gorran, 
Veryan,  Porthalla,  and  Manaccan  districts,  as  De  la 
Beche  describes  it,  tempts  one  to  wish  for  some 
proofs  of  the  extension  of  strata  in  the  Truro,  St. 
Agnes,  Kedruth,  and  Penzance  districts  pointing  to 
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their  correlation  with  the  Lower  Devonian  slates 
north  of  Grampound,  in  some  such  way  as  this  in 
ascending  scale : 

Mevagissey  slates  correlative  with  Looe  beds. 
Falmouth  red  beds  „  „      St.  Austell  beds. 


Feock  slates,  and\ 
Marazion     and 
Gwinear     slates, 
and      trappean 
rocks. 


99  >9 


Newquay  beds. 


CONCLUSION. 

In  the  foregoing  purely  tentative  classification  of 
the  Devonian  Kocks  of  Cornwall  I  have  been  simply 
guided  by  information  derived  from  De  la  Beche's 
Report,  interpreted  by  a  knowledge  of  the  Devonian 
rocks  in  contiguous  areas.  Holl's  work  has  not  been 
lost  sight  of;  but  that  branch  which  would  most 
greatly  assist,  namely,  the  record  of  fossil  discoveries, 
is  of  no  service.  We  find,  for  instance,  a  fauna  in 
Permizen  Bay,  as  recorded  by  Holl,  which  would 
equally  justify  the  classification  of  the  rocks  contain- 
ing it  in  each  of  the  calcareous  horizons  of  the 
Upper,  Middle,  and  Lower  Devonian. 

The  work  of  Mr.  Collins,  and  more  recently  of 
Mr.  Somervail,  is  not  strictly  relevant  to  my  subject, 
as  both  gentlemen  are  unacquainted  with  the  Devonian 
rocks  of  Devon  and  Somerset ;  and  in  the  absence  of 
definite  palaeontological  proofs  of  their  surmises,  it  is 
quite  impossible  to  endorse  any  of  their  conclusions 
without   an   equal   personal  acquaintance   with   the 
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districts  described.  I  must  say,  however,  that  the 
proofs  of  vast  thicknesses  of  strata  advanced  by 
Mr.  Collins  are  at  variance  with  my  experience  of 
the  Devonian  rocks  of  Devon.  Mr.  Somervail's 
strictures  on  many  of  Mr.  Collins's  unconformities 
appear  to  be  well  founded. 


ON    THE    MICACEOUS    SCHISTS   OF   THE 
PENOLVER  DISTRICT  (THE  LIZARD). 

By  Howard  Fox,  p.g.s. 

(Read  4th  November,  1890.) 


The  micaceous  schists  of  the  Lizard  district  have 
been  described  as  confined  to  a  triangular  area  ex- 
tending south-west  of  a  line  drawn  from  Polpeor 
to  South  Pentreath.  In  this  area  they  are  inter- 
banded  with  hornblendic  and  actinolitic  schists, 
porphyritic  diorites,  &c. 

There  is  however  another  district  in  which  they 
are  found  inter Ijanded  with  hornblende  schist,  and 
associated  with  much  epidotic  rock  and  some  porphy- 
ritic rock ;  viz.,  in  the  neighbourhood  of  Penolver, 
a  headland  three-quarters  of  a  mile  E.N.E.  of 
Polpeor.  These  exposures  can  be  examined  most 
satisfactorily  in  the  small  cove  Polledan  (locally 
known  as  Belidden),  between  Penolver  and  Bass 
Point. 

On  the  west  side  of  this  cove,  just  above  high- 
water  mark,  a  reddish  band  of  mica  schist  from  12 
to  15  feet  in  thickness  at  its  north  end,  may  be 
traced  for  some  40  yards  running  conformably  with 
the  hornblende  schist  in  a  southerly  direction,  with  a 
westerly  dip.     It  is  cut  off  by  a  fault  at  the  south. 
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end  below  an  old  adit  level.  The  rocks  are  much 
contorted  in  this  place,  and  masses  of  epidotic  rock 
are  seen  in  the  hornblende  schist.  The  red  colour  of 
the  band  is  due  to  ferric  oxide. 

On  the  east  side  of  the  cove  three  distinct  bands  of 
mica  schist,  from  five  to  nine  feet  in  thickness,  dipping 
easterly,  are  seen  at  different  heights  in  the  cliff 
interbanded  with  the  banded  hornblende  schist,  and 
traces  of  these  bands  can  be  seen  exposed  at  intervals 
amongst  the  grass  for  some  250  yards  E.S.K  to  the 
cliflF  south  of  the  signal  station.  This  mica  schist 
resembles  that  at  Polpeor  and  its  strike  would  take 
it  into  the  neighbourhood  of  the  mica  schists  at  South 
Pentreath. 

Penolver  Head  has  many  bands  of  mica  schist, 
from  a  few  inches  to  several  feet  in  thickness,  inter- 
banded with  hornblende  schist  at  varying  heights 
in  the  cliffs.  The  largest  bands  are  most  easily 
examined  at  high-water  mark  on  the  southern 
extremity  of  the  Point.  There  is  considerable 
local  disturbance  here,  and  the  dip  is  various,  but 
the  mica  schists  are  in  all  cases  conformable  with 
the  hornblende  schist  with  which  they  are  inter- 
banded. 

The  general  strike  of  the  hornblende  schist  in  this 
district  varies  from  W.N.W.  and  E.S.E.  to  N.N.W. 
and  S.S.E.,  with  dip  of  35^  to  40^  from  N.N.E. 
to  E.N.E. 

PoUedan  Cove  itself  is  occasioned  by  a  fault  which 
is  seen  at  the  north  end,  where  there  is  a  spring  of 
water :    the  rock  is   much   decomposed  and  red  in 
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colour  from  the  presence  of  iron.  The  cliflFs  on  the 
east  side  of  this  cove  dip  E.N.E.  35°  in  conformity 
with  the  general  dip  of  Bass  Point ;  the  cliflFs  on  the 
west  side  dip  W.S.W.  35°,  owing  to  the  fault  or 
local  disturbance. 

The  annexed  diagram,  taken  from  the  Ordnance 
25-inch  Parish  Map,  gives  some  of  the  principal 
exposures  of  mica  schist  in  this  district. 

a.  Approaching  Penolver  from  the  west  we  find 
at  a,  several  patches  of  greyish-brown  mica  schist, 
which  can  be  traced  through  the  grass  to  within  a 
few  feet  of  the  edge  of  the  cliflF,  running  about  N.W. 
and  S.E.,  with  an  apparently  S.W.  dip  for  lengths  of 
from  15  to  30  feet  each.  These  bands  vary  from  one 
to  several  feet  in  thickness  and  the  exposures  are 
many  feet  in  width.  The  rock  is  much  altered  in 
some  places,  and  is  typical  mica  schist  in  others. 

6.  About  30  feet  N.N.E.  of  an  outlying  rock  at 
the  S.W.  comer  of  the  promontory  at  6,  a  bed  of 
mica  schist  about  7  feet  thick  is  seen  at  high-water 
mark  running  about  N.W.  for  some  50  feet,  becoming 
in  its  course  much  interbanded  with  the  hornblende 
schist  and  dividing  into  bands  of  even  a  few  inches 
thick.     The  dip  appears  to  be  about  S.W. 

c.  Above  6,  near  the  top  of  the  cliflF,  is  a  large 
sheet  of  mica  schist  overlying  a  shelf  of  hornblende 
schist. 

d.  A  little  further  east  than  6,  we  find  a  bed  of 
brown  mica  schist  at  high-water  mark  at  d,  about 
one  foot  thick,  exposed  for  a  length  of  7  feet,  dipping 
E.N.E.      Four  feet   above  this  bed  is  a  second  of 
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siinilar  thickness,  from  which  the  overlying  horn- 
blende schist  has  been  denuded  so  as  to  expose  a 
sheet  of  mica  schist  20  feet  long  by  10  feet  wide. 
There  is  much  local  disturbance  here. 

e.  Still  further  east  than  d,  above  a  deep  pool,  we 
find  at  Cy  a  band  6  to  8  feet  thick  at  high-water  mark 

/.  Just  below  the  grassy  slope  south  of  the  highest 
rocks  of  the  headland  we  find  at  f,  about  50  feet 
above  high-water  mark,  an  exposure  of  red  and 
brown  mica  schist  running  N.N.W.  for  some  18  feet 
The  rock  here  is  much  altered. 

g.  On  the  top  of  the  precipitous  eastern  cliflF  of 
Penolver,  about  50  feet  above  high- water  mark,  a 
band  of  bro>Mi  mica  schist  is  seen  for  many  yards 
running  N.N.W.  and  S.S.E.  conformably  with  the 
hornblende  schist. 

h.  PoUedan  Cove  must  be  descended  from  the  east 
side.  On  the  west  side  of  the  cove  at  the  north  end, 
at  high-water  mark,  a  band  of  red  mica  schist,  A, 
12  to  15  feet  in  thickness,  is  seen  to  run  conformably 
with  the  hornblende  schist  N.N.W.  and  S.S.E.,  w^ith 
westerly  dip  of  35°,  for  some  40  yards.  It  is  cut  ofi* 
by  a  fault  at  its  south  end  just  under  an  old  mine 
adit  level  Large  masses  of  epidote  lie  between  it 
and  the  hornblende  schist  at  the  south  end  where 
great  crumpling  and  disturbance  have  occurred. 

/.  At  the  bottom  of  the  eastern  cliff,  at  the  north 
end  of  this  cove,  about  30  yards  above  high-water 
mark,  we  find  apj>earing  through  the  grass  a  mass  of 
decomposed  i-eddish  mica  schist  for  30  feet  in  length 

j.  Thirty  feet  above  /,  a  band  of  nine-feet  thick  grey 
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mica  schist,  similar  to  the  Polpeor  rock,  runs  about 
N.W.  and  S.E.,  dipping  about  N.E.  35**,  dividing  into 
thinner  bands  to  the  N.N.W.,  and  lost  in  the  grass 
at  the  foot  of  the  rocks.  Opposite  this  band  a  huge 
block  is  seen  coming  out  of  the  grass.  This  block 
has  probably  fallen  from  band  ^,  above.  It  shows 
the  junction  of  the  mica  schist  and  hornblende  schist 
most  distinctly,  neither  rock  appearing  to  have  under- 
gone any  alteration. 

k.  About  30  feet  above  jy  is  a  band  of  mica  schist 
weathering  brown,  running  about  W.N.W.  and 
E.S.E.,  dip  N.N.E.,  5  feet  thick,  becoming  separated 
into  thinner  bands  as  it  is  traced  amid  the  hornblende 
schist  to  the  west.  Below  k,  the  rocks  are  in  places 
composed  of  beautiful  thinly- banded  epidote  and 
hornblende  schist. 

I.  The  footpath  which  leads  from  the  cove  to  the 
top  of  the  cliff  passes  over  at  Z,  another  exposure  of 
mica  schist.  This  exposure  is  about  40  yards  south- 
east of  i. 

m.  A  continuation  of  these  eastern  bands  can  be 
traced  at  intervals  through  the  grass  for  some  250 
yards  in  a  south-easterly  direction.  The  bands  thin 
out  as  they  go  east.  Some  of  the  exposures  along 
the  line  m  are  small.  One  of  them  however  at  n, 
40  yards  south-west  of  the  end  of  the  hedge  o,  is  25 
yards  in  length.  Some  exposures  are  several  feet  in 
thickness,  others  resemble  a  film  of  mica  schist 
coverino:  a  shelf  of  hornblende  schist. 

p.  Immediately  beneath  n,  we  find  at  P  considerable 
porphyritic  structure  in  the  hornblende  schist.     The 
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crystals  of  felspar  are  very  numerous  and  distinctly 
mgular  and  regular,  diflFering  in  this  respect  fix)m  the 
Penolver  rock  No.  4  described  by  Mr.  Teall  below. 

Mr.  J.  J.  H.  Teall,  F.R.S.,  f.g.s.,  has  been  good 
3nough  to  describe  some  sections  of  the  rocks  in  this 
iistrict  as  follows : 

No.  1,  mica  schist  from  j. — ^A  foliated  rock  com- 
posed of  quartz,  felspar  (some  of  it  striated),  white 
mica,  chlorite,  garnet,  and  iron  ores — a  garnetiferous 
oiica  schist. 

No.  2,  banded  rock  below  k. — Finely  banded.  The 
iark  bands  are  composed  almost  entirely  of  horn- 
blende :  (a)  pale  greenish -yellow ;  (jS)  green ;  (y) 
bluish -green.  The  lighter  bands  are  composed  of 
granular  epidote,  with  which  a  certain  amount  of 
felspar  is  associated,  and  some  minute  grains  of  sphene. 
It  is  possible  that  a  little  malacolite  may  also  occur, 
rhe  structure  of  these  bands  is  granuUtic. 

No.  3,  from  epidotic  band  10  feet  thick  west  side 
of  Penolver.  —  Essentially  composed  of  granular 
epidote.  A  little  more  or  less  altered  felspar  is  also 
present. 

No.  4,  porphyritic  hornblende  schist  from  Penolver. 
— Main  mass  of  the  rock  is  composed  of  hornblende 
ind  felspar.  Grains  of  iron  ore  and  crystals  of 
ipatite  occur  as  accessories.  Scattered  through  the 
dide  are  a  few  larger  felspars,  the  centres  of  which 
ire  more  or  less  turbid.  These  probably  represent 
porphyritic  crystals,  but  their  external  boundaries 
ire  not  so  regular  as  those  of  the  porphyritic  crystals 
in  normal  igneous  rocks. 


THE   CAVOUGA   BOULDER. 

Bt    Hova£I'   T':':l^   f.s.s. 


Ix  1668  I  presented  to  your  museum  a  boulder  of 
porphyridc  diorite  and  I  exj»lained  at  your  November 
meeting  of  that  year  where  the  nx^k,  of  which  this 
boulder  was  composed,  could  be  seen  in  situ ;  viz., 
between  Caerieon  Cove  and  West  Kennack.  As  there 
appears  to  be  no  specimen  of  a  similar  loek  in  your 
museum,  a  record  of  the  locality  in  which  the  parent 
lock  is  found  may  be  acceptable. 

Immediately  east  of  Caerieon  Cove  lies  Little  Cove, 
bounded  on  the  north  bv  Polbream  Point.  Bv 
descemiing  the  north  side  of  this  j^iint  we  reach  the 
district  where  the  porp»hyritie  diorites,  with  large 
crystals  of  felspar  similar  to  those  in  the  boulder, 
may  be  seen  in  situ,  and  where  the  foreshore  is 
covered  with  similar  boulders,  as  well  as  with  others 
in  which  the  felspar  crystals  are  small.  The  large 
CTystalled  porphjritic  diorites  are  found  forming  the 
basic  bands  of  a  rock,  about  60  yards  north  of 
Polbream  Point,  which  runs  up  the  serpentine  cliff 
in  a  south-west  direction.  About  GO  vaids  north-east 
of  this  exposure  are  the  projecting  ledges  of  serpen- 
tine rocks  known  as  the  Cavouira  Rocks.  One  boulder 
of  diorite  in  this  district  had  iin  angular  crystal  of 
felspar  4^  inches  long  by  1:}:  inches  wide  in  its  dark 
magma.     Another  jjlace  where  this  large  crystalled 
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diorite  may  be  seen  in  situ  is  350  yards  north  of  Pol- 
bream  Point,  above  high- watermark,  close  to  a  high  cliff 
of  banded  crystalline  rock,  the  basic  bands  of  which 
show  small  felspar  crystals  in  their  dark  ground  mass. 
The  most  accessible  place  however  where  a  rock 
resembling  the  Cavouga  boulders  may  be  seen  in  situ 
is  at  West  Kennack.  A  patch  of  rocks  stands  out  of 
the  sand  on  the  east  side  of  the  little  stream  which 
runs  past  the  foot  of  the  carriage  road  leading  from 
Kuggar,  and  on  the  east  face  of  these  rocks  crystals 
of  felspar  over  half  an  inch  long  may  be  seen  in  the 
basic  bands.  Similar  rocks  are  seen  south-west  of 
this  patch  leading  to  a  pile  of  banded  crystalline 
rocks,  about  40  yards  south-east  of  the  low  serpentine 
cliff,  between  two  dykes.  This  pile  of  rocks  is  shown 
in  the  annexed  copy  of  a  photograph,  No.  1.  No.  2 
gives  a  closer  view  of  a  portion  of  this  pile,  which 
shows  the  crystals  of  felspar  mottling  the  diorite  in 
a  characteristic  manner.  Amongst  these  crystals  of 
felspar  there  are  small  patches  that  bear  an  external 
resemblance  to  hornblende  gabbro.  This  rock  is 
uncovered  about  half  tide.  There  are  several  other 
exposures  of  similar  porphyritic  diorites  on  the  fore- 
shore for  some  hundreds  of  yards  further  to  the 
south-west. 

]\Ir.  Teall  has  kindly  sent  me  the  following  descrip- 
tion of  the  porphyritic  diorite  of  Cavouga  : 

*'  This  rock  shows  porphyritic  crystals  of  more  or 
less  altered  felspar  in  a  dark  grey  crystalline  ground- 
mass.  The  ground-mass  is  composed  of  hornblende, 
felspar,  minute  granules  of  sphene,  and  a  few  scales 
of  brown  mica.  These  minerals  can  only  be  deter- 
mined by  microscopic  examination. 


PICOTITE  IN  SERPENTINE. 

Bt   Howard  Fox,   f.o.b. 

(RcAd  4th  NoTember,  189a) 


In  several  places  east  of  the  Lizard  there  are  greenish- 
grey  serpentines  traversing  the  red  serpentines 
aknost  like  dykes,  and  containing  crystals  of  picotite. 
In  some  cases  the  crystals  are  sparingly  bedded  in 
the  serpentine ;  in  others  the  crjrstals  are  very 
numerous,  and  weather  outside  the  matrix  in  such 
numbers  as  to  resemble  ridges. 

These  serpentines   with   crystals   of    picotite  are 
found — 

1.  About  240  yards  north  of  Polbream  Point,  in 
the  cliff. 

2.  In  two  localities  between  Kennack  and  Lan- 
kidden. 

3.  Very  extensively  on  the  east  side  of  Lankidden 
Cove,  where  they  weather  in  ridges. 

4.  Near  the  top  of  the  cliff  north  of  Butter  Cove, 
where  they  also  weather  in  ridges. 

At  Butter  Cove  the  rock  is  more  altered,  and  is 
jointing  out  in  the  manner  of  a  dyke. 


Nov.  4, 1890.]         Picotite  in  Serpentine.  337 

I  handed  Mr.  Teall  a  specimen  of  the  Butter  Cove 
rock,  and  he  described  it  as  follows : 

"  Greenish -grey  rock,  containing  black  resinous- 
looking  patches,  often  measuring  four  or  five  mm. 
across.  These  are  surrounded  by  a  narrow  zone,  in 
which  the  rock  is  of  lighter  colour  than  the  main 
mass.  The  resinous  -  looking  mineral  will  scratch 
quartz  but  not  topaz  (hardness  about  8).  The 
powder  gives  a  strong  chromium  reaction.  Very 
thin  chips  are  seen  to  be  brown  under  the  microscope, 
and  isotropic.  In  Naumann's  Mineralogy  (11  edit. 
1881)  the  hardness  of  chromite  is  given  as  5.5; 
that  of  picotite  as  8.  The  mineral  is  picotite."  (J.  J. 
H.  Teall.) 

Professor  Bonney  recorded  this  mineral  as  occurring 
at  Coverack,  Lower  Pradanack  Quarry,  Cadgwith, 
and  the  Balk. 


ADDITIONAL  NOTES  ON  THE  CORNISH  TRIAS. 

By  E.   N.  Worth,   p.g.s. 

(Read  4th  November,  1890.) 


Five  years  since  I  had  the  honour  of  laying  before 
the  Koyal  Cornwall  Geological  Society  as  full  a  state- 
ment of  facts  as  I  had  then  found  it  possible  to 
obtain,  with  regard  to  the  representation  of  Triassic 
rocks  in  Cornwall.  Between  the  date  of  the  reading 
of  that  paper  and  of  its  appearance  in  print,  further 
information  of  a  most  important  character  came  to 
light  (which  was  partially  embodied  in  a  note),  and 
still  more  recently  other  material  points  have  been 
ascertained.  Hence  the  present  paper,  supplementary 
and  complementary  to  its  predecessor ;  and  intended, 
as  far  as  feasible,  to  complete  the  record  of  the 
Cornish  Trias  to  the  present  date. 

It  may  be  well  to  recal  that  in  the  previous  paper 
I  gave  reasons  for  the  belief  that  there  was  a  sub- 
marine Triassic  outlier  in  the  Channel  off  the  Cornish 
coast ;  and  that  proof  of  the  correctness  of  this 
hypothesis  was  speedily  supplied  by  Mr.  Matthias 
Dunn,  of  Mevagissey,  who  put  me  in  possession, 
very  kindly,  of  a  series  of  rock  fragments  brought 
up  by  the  "long  lines"  of  Cornish  fishermen,  as 
briefly  stated  in  the  note  already  mentioned. 

These  fragments  formed  the  subject  of   a  paper 
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read  to  the  Geological  Society,  May  12tli,  1886,*  the 
list  being  as  follows : 

1.  Lizard  10  miles  N.W. — Fine-grained,  soft,  red 
Triassic  sandstone  in  beds,  li  to  2  inches  thick. 

2.  Lizard  15  miles  N.W. — Triassic  sandstone  of 
coarser  grain,  mottled  red  and  grey. 

3.  Manacles  Rocks  16  miles  N.W. — Fine-grained 
soft  sandstone,  grey,  with  a  passing  red  tinge  in 
places,  in  parts  highly  micaceous — containing  both 
black  and  white  micas,  the  former  rather  segregative. 

4.  Falmouth  Castle  18  miles  N.N.W.— Fine- 
grained, compact,  red  jaspideous  sandstone,  much 
bored,  possibly  an  altered  rock.  The  specimen  shows 
portions  of  two  joint  faces,  at  right  angles  to  each 
other,  which  have  evidently  been  protected  from  the 
ravages  of  the  pholades. 

5.  Deadman  25  miles  N.E.  by  N. — Examples  of 
four  distinct  Triassic  rock  forms.  (a)  Chocolate 
marl,  spotted  white ;  edges  of  nodule  rounded,  but 
not  properly  rolled.  (6)  "  Potato  stone,"  five  inches 
in  longest  external  diameter — partially  coated  with 
marl,  filled  with  pink  calcite,  and  having  the  inside 
of  the  shell  studded  with  small  brilliant  pyramids  of 
quartz,  (c)  Grey  sandstone,  (d)  Nodule  of  felspathic 
(Triassic)  trap. 

6.  Deadman  20  miles  N.  by  E. — A  light  salmon - 
tinted  drab  calcareous  sandstone,  in  a  slab  nearly  two 
feet  in  longest  diameter,  the  under  surface  intact  and 
slightly  pitted.  This  was  the  only  example  that  I 
was  unable  to  match  distinctly  among  the  "  Red 
Rocks"  of  Devon — the  affinities  of  the  series  as  a 

*   Vide  Quiir,  Joum,  Geo,  Soc,  xlii.  313-15. 
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with  the  igneous  activities  of  the  Dartmoor  region, 
and  probably  represent  its  final  period,  as  the  epi- 
diorites  and  proterobases  of  the  north  and  west  of 
Dartmoor  may  its  earlier  stages."* 

Of  course  what  is  true  of  the  Dartmoor  granitic 
area  is  true,  other  things  being  equal,  of  the  related 
granitic  bosses  of  Cornwall :  the  whole  enquiry, 
therefore,  has  a  special  bearing  on  the  geology  of 
this  county ;  and  the  facts  now  to  be  set  forth  may 
aid  in  the  interpretation  of  its  geological  phenomena. 

There  is  at  Withnoe,  in  Whitsand  Bay,  about  \\ 
miles  N.W.  of  the  andesite  of  Cawsand,  a  small 
detached  exposure  of  the  same  rock,  intruded  into 
the  Lower  Devonian  slates  and  grits,  but  undoubtedly 
continuing  to  a  junction  in  depth  with  the  main  mass. 
This  dyke  is  quarried  for  road  metal  by  the  side  of 
the  road  which  leads  from  Withnoe  farm  to  the  cliffs; 
and  it  would  be  difficult  in  so  small  a  compass  to 
procure  a  more  instructive  illustration  of  the  forms 
which  one  and  the  same  igneous  magma  may  assume. 
The  relationships  of  the  rock  to  that  of  Cawsand, 
as  described  in  my  previous  paper,  are  clear  enough ; 
but  every  peculiarity  of  the  Cawsand  rock  is  here 
emphasized.  Within  less  than  ten  feet  I  obtained  the 
following  examples,  each  passing  more  or  less  com- 
pletely into  its  neighbour : 

A.  Dark  indian-red  rock,  shading  into  dark  grayish 
brown,  at  times  verging  on  black.  Texture  compact 
and  semi-vitreous — in  fact  it  is  practically  a  pitch- 
stone.     Shows  very  distinct  flow  structure,  the  whole 


*  Vide  also  "The  Dartmoor  Volcano,"  Trans.  Plym.  hist  x.  146-169, 
and  "  The  Elvans  and  Volcanic  Rocks  of  Dartmoor,"  Quar,  Jourru  Geo, 
Soc,  xlv.  398-402. 
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area.  It  is  quite  possible  that  there  are  others  in 
the  interval  between  the  Deadman  and  the  nearest 
land  outlier  in  Cawsand  Bay,  for  this  would  simply 
repeat  conditions  with  which  we  are  familiar  upon 
shore. 

The  second  portion  of  this  paper  contains  additional 
information  touching  the  porphyritic  trap  rock  asso- 
ciated with  the  remnants  of  the  Trias  of  Cawsand  Bay ; 
and  which  I  described  in  my  previous  communication 
as  belonging  to  the  series  of  Triassictraps  so  com- 
mon  in  the  vicinity  of  Exeter.  I  then  stated  that 
the  abundance  of  mica  which  it  contained  quite 
entitled  it  to  the  name  of  a  mica  trap — adding  that 
it  might  fairly  be  called  a  felsite.  Since  then  it  has 
been  classed  as  a  mica-andesite ;  and  the  facts  which 
I  have  now  to  lay  before  the  Society  will  very  well 
serve  to  illustrate  some  of  the  difficulties  of  petro- 
logical  nomenclature,  while  bearing  out  this  later 
view. 

In  the  course  of  an  enquiry  into  the  nature  of  the 
"  Igneous  Constituents  of  the  Triassic  Breccias  and 
Conglomerates  of  South  Devon  "*  (which  I  identified 
as  wholly  of  local  origin),  I  was  led  to  speculate 
"  that  the  conditions  under  which  the  '  felspathic 
traps'  of  Devon  \i.e.y  the  andesites  or  Triassic-traps, 
such  as  that  of  Cawsand]  occur  in  situ,  their  charac- 
teristic association  with  elvans,  and  the  part  which 
they  bear  in  the  constitution  of  the  Triassic  breccias 
and  conglomerates,  are  calculated  to  lead  to  the 
inference  that  they  are  volcanic  phenomena  connected 

♦  Vide  Quar,  Jour.  Geo.  Soc.  xlvi.  6a-S3. 
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with  the  igneous  activities  of  the  Dartmoor  region, 
and  probably  represent  its  final  period,  as  the  epi- 
diorites  and  proterobases  of  the  north  and  west  of 
Dartmoor  may  its  earlier  stages,"* 

Of  course  what  Ls  true  of  the  Dartmoor  granitic 
area  is  true,  other  things  being  equal,  of  the  related 
granitic  bosses  of  Cornwall :  the  whole  enquiry, 
therefore,  has  a  special  bearing  on  the  geology  of 
this  county ;  and  the  facts  now  to  be  set  forth  may 
aid  in  the  interpretation  of  its  geological  phenomena. 

There  is  at  Withnoe,  in  Whitsand  Bay,  about  IJ 
miles  N.W.  of  the  andesite  of  Cawsand,  a  small 
detached  exposure  of  the  same  rock,  intruded  into 
the  Lower  Devonian  slates  and  grits,  but  undoubtedly 
continuing  to  a  junction  in  depth  with  the  main  mass. 
This  dyke  is  quarried  for  road  metal  by  the  side  of 
the  road  which  leads  from  Withnoe  farm  to  the  cliffs; 
and  it  would  be  ditKcult  in  so  small  a  compass  to 
procure  a  more  instructive  illustration  of  the  forms 
which  one  and  the  s;ime  igneous  ma^jma  may  assume. 
The  relationships  of  the  rook  to  that  of  Cawsand, 
as  descril>od  in  my  previous  paper,  are  clear  enough ; 
but  every  peculiarity  of  the  Cawsand  rock  is  here 
emphasized.  Within  less  than  ten  feet  I  obtained  the 
following  examples,  each  piissing  more  or  less  com- 
plorolv  into  its  neiirhlnnir  : 

A.  Dark  indian-red  rock,  shading  into  dark  grayish 
brown,  at  times  verging  on  blacL  Texture  compact 
and  somi-vitreous — in  foot  it  is  practically  a  pitch- 
srono.     Shows  verv  distiuor  tlow  structure,  the  whole 


♦    Viw  aU,^  "TV.^  l\ir::iivvr  Vs::,iii..\"  T'-ss.*.  /•'yrs.  IisL  i.  146-169, 
ai\vl  '*  Tlie  KlYa:i>  Ai:vi  Vv^lvMnis:  Kvv k<  of  Dartmoor,"  Qmar.  Joum.  Geo, 
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mass  being  made  up  of  bands,  approximately  parallel, 
but  in  parts  wavy  and  inosculating.  Slightly  porphy- 
ritie,  but  porphyritic  constituents  not  pronounced. 
They  include  felspar,  occasion^y  in  imperfect  crystals ; 
a  little  quartz  in  blebs;  black  mica  in  flecks  and 
casual  crystalline  plates.  Infrequently  there  occurs 
a  large  well-crystallized  felspar  crystal ;  and  a  little 
segregative  micaceous  eye,  commonly  also  quartzose. 
Fracture  sub-conchoidal.  Altogether  a  rock  of  pro- 
nounced and  unmistakeable  volcanic  type. 

B.  Compact  pinkish -red  rock,  with  sub-granular 
aspect,  earthy  fracture,  and  meagre  feel.  It  is  banded 
in  an  equally  definite  way  with  the  preceding,  but 
the  bands  are  less  pronounced  in  character ;  they  are 
narrower,  and  appear  rather  to  traverse  a  matrix, 
while  A  is  banded  throughout.  Here  and  there 
a  passage  into  the  pitchstone  may  be  seen.  The 
porphyritic  features  are  slightly  more  marked.  It  is 
more  micaceous;  the  segregative  patches  are  more 
prominent;  the  quartz  occurs  more  definitely  in 
blebs  and  corroded  grains ;  there  is  more  distinctive 
felspar.  In  mass  too  this  phase  of  the  rock  is  more 
evenly  jointed ;  and  it  likewise  varies  more  in  colour, 
weathering  to  bright  ochreous  shades  of  red  and 
yellow,  which  occasionally  merge  into  a  creamy  tint. 
The  bulk  is  devitrified,  but  the  bands  have  shown 
resistance  to  the  devitrifying  process. 

C.  Tabular-jointed  rock,  slightly  more  earthy  in 
aspect  on  fractured  surface  than  B,  but  still 
heavy  and  compact.  It  is  lighter  also  in  colour, 
passing  from  pink  to  pinkish-gray.  Flow  structure 
still  visible,  but  the  banding  has  largely  given  place 
to  what  may  be  termed  a  "  damascening "  of  wavy 

VOL.   XI.  2  A 


344  Nates  on  the  Cornish  Trias.  [Hot.  4. 

and  tortuous  red  lines  on  the  pink  ground.  Mica 
slightly  less  noteworthy ;  but  quartz  grains  and  blebe 
much  more  so ;  felspars  also  more  pronounced,  some 
of  the  ciystals  showing  very  definite  form.  Devitri- 
fying  has  here  been  carried  to  all  but  entire  com- 
pletion, so  far  as  macroscopic  observation  goes,  bat 
in  all  probability  some  interstitial  glass  remaina 

D.  Light-gray  rough  open-textured  rock — somewhat 
crumbly ;  might  fairly  be  called  trachytic  Far  more 
porphyritic  than  either  of  the  other  examples;  and 
in  parts  more  than  half  crystalline.  Mica  plentiful, 
occasionally  in  nest^  and  segregations,  often  in  good 
hexagonal  plates,  ranging  up  to  the  eighth  of  an  inch 
in  diameter  and  above.  Much  greater  content  of 
quartz,  in  larger  (corroded)  blebs  and  grains,  with  an 
occasional  approach  to  crystalline  form.  Felspar 
strongly  developed,  and  good  crystals  numerous, 
several  tw^inned  after  the  ordinary  local  granitic  type. 
Some  of  the  felspar  crystals  are  kaolinised,  but  glassy 
characters  predominate.  No  trace  of  flow  structure 
visible.  This  is  the  most  remarkable  example  of  the 
series  ;  for  it  is  essentially  a  quartz-felsite,  and  apart 
from  its  associations  would  unhesitatingly  be  ranked 
as  one  of  the  looser-textured  local  elvans.  Indeed 
the  more  crystalline  portions  diflFer  only  in  the 
quantity  of  interstitial  matter  they  contain  from 
some  of  the  less  compact  border  granites,  and  as 
these  are  not  always  free  from  interstitial  matter 
themselves  the  diflference  is  really  one  in  degree  and 
not  in  kind. 

Here  then  we  have,  within  four  or  five  yards  at 
the  outside,  a  well-marked  unmistakeable  passage  fix)m 
what  may  be  termed  a  rhyolitic  pitchstone  in  the 
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inner  portion  of  the  dyke,  to  a  trachytic  quartz- 
felsite  in  the  outer.  The  conditions  of  consolidation 
cannot  have  varied  much.  A  few  feet  more  or  less 
would  make  no  appreciable  diflFerence  in  the  pressure ; 
nor  do  I  see  any  reason  to  compel  the  belief  that 
originally  the  intruded  matter  came  to  the  surface. 
Moreover,  the  effect  on  the  adjacent  grits  and  slates 
is  sUght.  and  chiefly  confined  to  induration. 

It  is  worthy  of  note  that  we  find  kindred  phenomena 
of  change  of  character  in  some  of  the  elvan  dykes 
of  Dartmoor  (and  no  doubt  of  Cornwall).  As  an 
**  elvan  "  (or  felsite)  may  be  any  species  of  rock  that 
has  developed  from  a  granitic  magma  under  con- 
ditions intermediate  between  plutonic  and  volcanic, 
so  we  find  in  such  an  elvan  as  the  Shillamill,  near 
Tavistock,  the  characteristics  that  might  be  held  to 
indicate  half  a  dozen  different  rocks  from  half  a 
dozen  distinct  localities.  The  centre  of  that  dyke 
is  **  a  quartzose  felspar-porphyry  of  the  usual  elvan- 
itic  type ;  but  on  each  margin  the  rock  is  dark  grey, 
in  part  granular,  in  part  massive.  Some  parts  again 
would  fall  under  the  old  name  claystone-porphyry ; 
and  others  have  a  granitoid  aspect,  more  fully 
developed  in  the  adjacent  elvan  of  Grenofen,  which 
is  essentially  a  fine-grained  porphyritic  granite." 

The  point  on  which  I  wish  to  lay  particular  stress 
is  this.  I  have  suggested  elsewhere  that  the  "  fel- 
spathic  traps ''  of  Devon — represented  in  this  county 
by  the  porphyritic  trap  of  CWsand — may  be  con- 
nected with  the  final  phase  of  the  volcanic  activities 
which  gave  us  Dartmoor  and  the  other  granitic  areas 
of  the  West.     Granites  are  usually  classed  among 
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whole   being  with   the   Keuper   division,   and   par- 
ticularly with  the  rocks  in  the  vicinity  of  Sidmouth. 

During  the  present  year,  and  again  by  the  kindness 
of  Mr.  Dunn,  whose  sense  of  the  value  of  a  geological 
find  seems  to  be  unerring,  another  link  has  been 
put  to  the  chain,  and  we  now  therefore  add  to  the 
previous  list: 

7.  Deadman  7  miles  N. — Slabs  of  Triassic  con- 
glomerate evidently  torn  from  a  submarine  reef — 
point,  sides,  and  upper  and  lower  surfaces  being 
intact  in  each  instance,  and  the  only  broken  surface 
that  of  the  fracture  from  the  parent  rock.  Examples 
of  this  conglomerate  have  been  examined  micro- 
scopically, and  found  to  contain  pebbles  of  slate, 
grits,  vein  quartz,  quartz-felsite,  and  andesite. 

From  the  evidence  of  the  first  series  of  finds  I  was 
led  to  locate  the  outlier  of  which  they  clearly  formed 
part,  as  centering  somewhere  about  10  miles  S.E.  of 
the  Lizard  Head,  all  coming  from  beyond  the  30 
fathom  line,  and  most  from  beyond  the  40  fathom.* 

But  I  do  not  think  it  likely  that  the  conglomerate 
(No.  7)  belongs  to  this  patch.  I  have  had  many 
specimens  of  rocks  from  the  bed  of  the  Channel  off 
the  Deadman,  ranging  from  points  3  miles  to  27  miles 
to  the  southward,  eastward,  and  westward,  but  there 
never  was  anything  approaching  to  Trias  among 
them,  save  the  doubtful  No.  6.  I  am  inclined,  there- 
fore, to  regard  this  Deadman  Trias  conglomerate  as 
forming  an  independent  outlier,  not  necessarily  of 
any  great  extent — indeed  almost  certainly  of  small 

*  Vide  Quar,  Jour,  Geo,  Soc, 
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area.  It  is  quite  possible  that  there  are  others  in 
the  interval  between  the  Deadman  and  the  nearest 
land  outlier  in  Cawsand  Bay,  for  this  would  simply 
repeat  conditions  with  which  we  are  familiar  upon 
shore. 

The  second  portion  of  this  paper  contains  additional 
information  touching  the  porphyritic  trap  rock  asso- 
ciated with  the  remnants  of  the  Trias  of  Cawsand  Bay ; 
and  which  I  described  in  my  previous  communication 
as  belonging  to  the  series  of  Triassic-traps  so  com- 
mon in  the  vicinity  of  Exeter.  I  then  stated  that 
the  abundance  of  mica  which  it  contained  quite 
entitled  it  to  the  name  of  a  mica  trap — adding  that 
it  might  fairly  be  called  a  felsite.  Since  then  it  has 
been  classed  as  a  mica-andesite ;  and  the  facts  which 
I  have  now  to  lay  before  the  Society  will  very  well 
serve  to  illustrate  some  of  the  difficulties  of  petro- 
logical  nomenclature,  while  bearing  out  this  later 
view. 

In  the  course  of  an  enquiry  into  the  nature  of  the 
"  Igneous  Constituents  of  the  Triassic  Breccias  and 
Conglomerates  of  South  Devon  "*  (which  I  identified 
as  wholly  of  local  origin),  I  was  led  to  speculate 
"  that  the  conditions  under  which  the  *  felspathic 
traps'  of  Devon  [i.e.,  the  andesites  or  Triassic-traps, 
such  as  that  of  Cawsand]  occur  in  situ,  their  charac- 
teristic association  with  elvans,  and  the  part  which 
they  bear  in  the  constitution  of  the  Triassic  breccias 
and  conglomerates,  are  calculated  to  lead  to  the 
inference  that  they  are  volcanic  phenomena  connected 

♦  Vide  Quar,  Jour.  Geo.  Soc.  xlvi.  63-83. 
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THE 

ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT, 

LORD  ST.  LEVAN, 
To  THE  General  MEETiNa,  Octobeb  16THy  1891. 

(Modified  from  tKo  **  Wettem  Morning  Ntw**J 


The  President  hoped  the  small  attendance  was  due  rather  to  the 
bad  weather  than  to  any  decreasing  interest  in  that  old  and  well- 
established  and  useful  Society.  Letters  had  been  received  from 
Mr.  C.  C.  Boss  expressing  his  regret  for  his  inability  to  attend,  and 
intimating  that,  as  he  had  not  been  present  at  the  meetings  for  some 
years,  he  did  not  think  he  ought  to  accept  the  post  of  Librarian 
again  should  they  pay  him  the  compliment  of  re-electing  him; 
and  from  Mr.  W.  Bolitho,  jun.,  who  was  unable  to  leave  his  house. 
Mr.  T.  Bedford  Bolitho,  M.P.,  wrote— 

I  fear  I  shall  bo  prevented  by  business  elsewhere  from  being  present  at  the 
meeting  of  the  Geological  Society  to-morrow.  Will  you  be  good  enough  to  say . 
as  much  to  the  Chairman  ?  I  wish  means  could  bo  devised  to  make  the 
influence  of  the  Society  more  direct,  more  popular,  and  more  useful.  Is  this 
impossible  ?  There  are  several  learned  societies  in  the  county,  all  of  which,  I 
believe,  are  maintained  in  their  present  condition  with  some  difficulty.  Could 
a  union  be  effected  ?  And  now,  having  freed  my  mind,  I  am  going  to  ask 
whether  the  Society  would  like  to  accept  a  piece  of  "  Jews  House  tin  "  which 
belonged  to  Mr.  T.  R.  Bolitho  and  myself.  It  was  discovered  about  1858  near 
St.  Austell,  when  the  Cornish  railway  was  being  constructed,  and  has  been  at 
Calenick  from  that  time  until  quite  lately.  A  short  description  of  it  will  bo 
found  in  a  paper  on  "  The  Detrital  Tin  Ore  of  Cornwall,'*  written  by  our  old 
friend  and  townsman  Mr.  W.  J.  Henwood,  and  read  at  the  Royal  Institution  of 
Cornwall  in  1878.  I  am  aware  you  have  some  specimens  already,  and  if,  as 
may  well  be,  you  do  not  care  to  be  embarrassed  with  duplicate  or  triplicate 
specimens,  we  should  like  to  present  it  to  some  other  society,  but  I  felt  the 
Geological  Society  had  the  first  claim. 

The  President  said  the  report  of  the  Council  would  show  that  the 

Society  was  in  a  satisfactory  position.     The  number  of  books  had 
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been  largely  increased,  iipwards  of  160  volumes  haying  been  added 
to  the  library.  The  additions  to  the  museum  had  not  been  so 
numerous,  but  the  number  of  members  kept  up.  The  number  of 
visitors  had  been  very  large.  The  apartments  formerly  occupied  by 
the  science  classes  having  been  vacated,  there  were  now  rooms  in 
that  building  available  for  some  other  purpose.  They  had  to  express 
their  regret,  which  he  was  sure  they  all  felt,  at  the  death  of  the  late 
Mr.  Nicholas  Whitley,  who  was  well  known  to  most  of  them,  and 
who,  although  he  did  not  live  there,  was  an  old  member  of  the 
Society,  and  contributed  largely  to  its  transactions.  Mr.  Greoige 
Williams,  of  Scorrier,  was  also  an  old  member  of  the  Society.  It 
was  usual,  he  was  told,  for  the  President  to  deliver  an  address  at  that 
meeting,  but  he  felt  that  he  owed  them  some  apology  for  being  in 
that  place  at  all.  The  President  of  that  Society  ought  to  be  a 
person  who  at  all  events  had  some  knowledge  of  Geology.  He 
must  tell  them  at  once  that  he  knew  nothing  at  all  of  Greology — he 
hardly  knew  one  stone  from  another,  and  when  he  looked  back  at 
the  distinguished  men  who  had  occupied  that  chair,  he  felt  lie  was 
rather  out  of  place.  Ue  supposed  he  was  asked  because  of  the 
kindly  feeling  they  had  for  himself. 

There  was  one  word  which  fell  from  Mr.  T.  B.  Bolitho,  M.P.,  in 
his  letter,  to  which  he  should  like  to  refer.  Mr.  Bolitho  put  it  very 
kindly.  He  said,  "I  wish  means  could  be  devised  to  make  the 
'influence  of  the  Society  more  direct,  more  popular,  and  more  useful." 
That  was  not  putting  it  too  strongly,  and  yet  it  was  a  serious  alle- 
gation, because  the  inference  was  that  its  influence  was  not  very 
direct,  not  very  popular,  and  not  very  useful,  and  he  asked  if  it  was 
impossible  to  remedy  those  things.  He  (Lord  St.  Levan)  thought 
Mr.  Bolitho  was  right  in  what  he  said.  He  did  not  think  any 
direct  influence  of  that  Society  was  felt  very  much  outside  that 
room  except  to  those  who  read  the  reports  and  transactions,  which 
certainly  were  very  valuable.  As  to  its  being  popular,  he  most  ask 
them  to  look  at  the  condition  of  that  room ;  they  had  heard  with 
regret  of  the  cause  of  the  absence  of  some  of  their  friends,  but  he 
could  remember  in  the  old  days  when  the  room  used  to  be  filled  on 
the  occasion  of  the  Annual  Meeting ;  when  distinguished  men  of 
science,  particularly  Geological  Science,  were  present;  and  when 
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the  President's  address  was  a  valuable  one,  more  particularly  so  in 
the  case  of  their  dear  old  friend  Sir  Warington  Smyth.  When  he 
and  many  other  distinguished  men  before  him  occupied  the  chair 
their  addresses  were  worth  hearing,  and  discussions  were  such  as  to 
excite  an  interest  in  the  county,  and  people  came  from  long  distances 
to  attend  those  meetings.  For  years  he  (Lord  St  Levan)  used  to 
advocate  the  amalgamation  of  the  different  county  societies,  and  be 
was  convinced  it  would  be  more  generally  useful  to  the  county  if 
the  learned  societies  were  to  amalgamate.  Each  Society  had  valuable 
collections,  and  a  local  habitation  very  well  suited  to  the  purpose. 
There  was  the  Geological  Society  there  in  Penzance,  with  admirable 
rooms,  a  very  good  collection,  and  museum ;  the  Polytechnic  at 
Falmouth  with  the  same;  the  Eoyal  Institution  at  Truro  with  a 
very  valuable  collection  of  antiquities  and  other  objects  of  interest 
to  the  Cornishman ;  and  there  was  the  Mining  Institute  and 
Association  at  Redruth.  Those  were  four  great  societies  which 
might  be  amalgamated  into  one  great  general  Royal  Society  of 
Cornwall  That  might  be  done  without  founding  establishments, 
because  the  difficulty  of  a  central  habitation  might  be  got  over  by 
making  the  Royal  Society  a  peripatetic  one,  so  as  to  meet  one  year 
in  one  of  the  towns,  and  so  on.  The  museums  might  always  be 
opened  to  those  interested  in  those  kind  of  things.  He  used  to 
advocate  those  views  until  he  got  tired  of  it,  because  they  had 
hitherto  found  local  influences  were  too  strong;  the  Polytechnic  had 
always  been  in  Falmouth,  and  the  Royal  Institution  at  Truro  pre- 
ferred to  remain  as  it  was.  But  now  the  same  remarks  were  made, 
and  the  same  feelings  exhibited,  in  almost  all  the  towns  where  those 
meetings  were  held,  and  there  was  a  general  feeling  that  if  they 
were  all  united  into  one  large  county  society,  holding  exhibitions  in 
different  towns  in  different  years,  they  could  more  adequately  and 
fully  carry  out  the  objects  for  which  they  were  instituted.  He 
thought  it  was  desirable  that  no  action  should  be  immediately 
taken,  but  they  might  think  it  over  and  see  whether  something  of 
that  kind  could  not  be  done  to  the  advantage  of  the  county,  and  to 
make  the  annual  exhibitions  and  meetings  more  attractive. 


REPORT  OF  THE  COUNCIL. 


The  past  year  has  been  comparatively  uneventful  so  far  as  the 
history  of  this  Society  is  concerned.  The  legacy  of  the  late  Rev. 
John  Came — £1,500,  less  legacy  duty  £150 — together  with  £150 
taken  from  the  deposit  account,  has  been  invested  in  Midland 
Railway  Three  per  Cent,  Debenture  Stock;  and  Mr.  Taylor's 
duties  having  ceased  at  Lady-day  last,  Mr.  G.  B.  Millett  has  now 
taken  office  as  Curator,  in  accordance  with  the  resolution  passed  at 
the  last  Annual  Meeting.  The  several  papers  then  read  were 
issued,  together  with  the  Seventy -seventh  Annual  Report,  in 
May  last,  and  form  an  important  addition  of  just  eighty  pages 
to  the  Transactions, 

The  Report  of  the  Librarian  is  no  less  voluminous  than  usual, 
some  160  items — volumes  or  parts  of  volumes — having  been 
acquired  by  presentation,  exchange,  or  purchase  during  the  year. 
The  need  for  additional  shelf  room  is  more  than  ever  apparent,  the 
bookcases  in  your  well-stocked  Library  being  now  filled  to  over- 
flowing. 

The  donations  to  the  Museum  have  not  been  at  all  numerous 
during  recent  years.  Your  Curators  have,  however,  some  interest- 
ing specimens  to  lay  before  you  to-day.  They  are  presented  by 
Mr.  Arthur  L.  Collins  (son  of  Mr.  J.  H.  Collins,  formerly  Curator 
to  this  Society),  and  were  collected  by  him  in  Norway.  There  are 
also  two  series  of  rock  specimens,  illustrative  of  papers  about  to 
be  read. 

The  popularity  of  your  collections  does  not  appear  to  be  in  any 
way  abated,  for  visitors  to  the  Museum  are  as  plentiful  as  ever. 
The  basement  rooms  of  this  building,  so  long  occupied  by  the 
Science  Classes,  having  been  vacated,  are  now  available  for  such 
purposes  as  may  hereafter  be  determined  on. 
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It  is  satisfactory  to  the  Council,  in  submitting  this  their 
Seventy-eighth  Annual  Heport^  to  find  that  there  has  been  no 
fidling  off  in  the  number  of  members.  They  hare,  neverthelees, 
to  allude  with  much  regret  to  the  loss  by  death  of  one  of  the 
honorary  members — Mr.  Nicholas  Whitley,  of  Truro — who  had 
long  been  connected  with  the  Society,  and  was  the  writer  of  many 
papers  in  its  Tranaactions,     He  died  in  March  last 

They  have  also  to  lament  the  decease  of  an  ordinary  member — 
Mr.  George  Williams,  of  Scorrier — who  died  13th  January  of  this 
year,  and  of  an  associate — Mr.  Arundel  Anthony,  of  Lelant. 

The  Council  now  desire  to  recommend  the  election  of  Dr.  Hugh 
Montgomerie,  and  of  Mr.  Henry  Came,  of  Penzance,  as  ordinary 
members. 

GEORGE  BOWN  MILLETT, 

Secretary  and  Curator. 
Penzance,  16^  October,  1891. 


LIBRARIAN'S    REPORT. 

From  November  lit,  1890,  to  October  Slat,  1891. 


The  following  works  have  been  added  to  the  Library  during  the 
year: 

I.    TRANSACTIONS,  JOURNALS,  AND  REPORTS. 

Presented  hy  the  respective  Societies,  Editors,  and  other  Donors, 

or  Pwrchiued, 

Australasia.     Geological  Society. 

Transactions :  Vol.  i,  part  5.    Roy.  Svo.    Melbourne,  1891. 

Boston.     American  Academy  of  Arts  and  Sciences. 

Proceedings :  New  Series,  vol.  xvi.,  May,  1888,  to  May,  1889. 

8vo.     Boston,  1889. 
„  „  Vol.  xvii.,  May,  1889,  to  May,  1890. 

8vo.     Boston,  1890. 
Bristol.     Naturalists'  Society. 

Proceedings:  New  Series,  vol.  vi,  part  3  (1890-91.) 

8vo.     Bristol,  1891. 
.  List  of  Officers,  <fec.  8vo.     Bristol,  1891. 

Brussels.     Soci^t^  Royale  Malacologique  de  Belgique. 

Procds-verbal :  pp.  cxxxiil  to  end  of  voL  xviii 

„  pp.  i.  to  Ixxxviii  of  vol.  xix. 

8vo.     Bruxelles,  1889-90. 
California.     State  Mining  Bureau. 

Tenth  Annual  Report  of  the  State  Mineralogist  [William 

Irelan,  jun.]  for  the  year  ending  December  Ist,  1890. 

Svo.     Sacramento,  1890. 
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Canada.     Canadian  Institute,  Toronta 

Transactions :  Vol  i,  No.  1,  October,  1890. 

Boyal  Sra    Toronto,  1890. 
„  Vol  i,  No.  2,  March,  1891. 

Boyal  Sva    Toronto,  1891. 

Fourth  Annual  Beport  .  .  .  session  1890-91,  being  an 
Appendix  to  the  Beport  of  the  Minister  of  Education, 
Ontario.  Boyal  8to.     Toronto,  1891. 

.     Geological  and  Natural  History  Survey. 

Contributions  to  Canadian  Falsdontology,  vol  iiL,  No.  1, 
(quarto),  on  Vertebrata,  &c.     By  E.  D.  Cope. 

4to.    Montreal,  1891. 
Contributions  to  Canadian  Palaeontology,  vol  L,  part  3.    By 
J.  F.  Whiteaves.  Boyal  8vo.     Montreal,  1891. 

.     Boyal  Society  of  Canada. 

Proceedings  and  Transactions  for  1890,  vol  viii 

4to.     Montreal,  1891. 
Christiania.     Lakis  Kratere  og  Lavastromme  af  Amund  Helland. 

4to.     Christiania,  1886. 
Cincinnati.     Society  of  Natural  History. 

Journal :  Vol.  xiii.,  No.  2,  July,  1890.      8vo.     Cincinnati 
„  „         No.  3,  October,  1890.   „  „ 

„  „        No.  4,  January,  1891.  „  „ 

Colorado.     Scientific  Society. 

Proceedings:  Vol  iii.,  part  2,  1889.     8vo.     Denver,  1890. 

Connecticut.     Meriden  Scientific  Association. 
Transactions :  Vol.  iv.,  1889-90. 

8vo.     Meriden,  Conn.,  1891. 

Dorpat,     Dorpater  Naturforscher-Gesellschaft. 

Sitzungsberichte :  Band  ix.,  heft  2.       8vo.     Dorpat,  1891. 
Schriften:  VI. — Studien  iiber  die  Schwingung^esetze  der 

Stimmgabel  und  iiber  die  Electromagnetische  Anregung. 

Von  Friedrich  Heerwagen.      Boyal  8vo.     Dorpat,  1890. 


Librarian's  Report.  363 

Dablio.     Eoyal  Dublin  Society. 

Scientific  Proceedings :  New  Series,  voL  yi.,  part  10,  December, 

1890.     8vo. 
Scientific  Proceedings :  New  Series,  voL  vii.,  parts  1, 2, February 

and  June,  1891.  8vo.     Dublin,  1890-91. 

Scientific  Transactions:   Series  ii,  yoL  iv.,  parts  6-8,  4to, 
November,  1890,  February  and  June,  1891. 

Dublin,  1890-91. 
Edinburgh.     (Geological  Society. 

Transactions :  YoL  vi,  part  2.        8yo.     Edinburgh,  1890. 

Falmouth.     Eoyal  Cornwall  Polytechnic  Society. 

Fifty-eighth  Annual  Eeport,  1890.    8vo.    Falmouth,  1890. 

Hab'fax.     Geological  and  Polytechnic  Society  of  the  West  Eiding 
of  Yorkshire. 
Proceedings :  YoL  xi,  part  3.  8vo.     Halifax,  1891. 

India.     Geological  Survey  of  India. 

Eecords :  Yol.  xxiil,  part  4.    1890.   Eoy.8vo.   Calcutta,  1890. 

„  „    xxiv.,  parts  1-3.  1891.       „  „       1891. 

Contents  and  Index  of  the  First  xx.  Yolumes,  1868  to  1887. 

Eoy.  8vo.     Calcutta,  1891. 
Kansas.     Academy  of  Science. 

Transactions  of  22nd  Annual  Meeting,  1889,  vol.  xii.,  part  1. 

8vo.    Topeka,  Kansas,  1890. 

Leicester.     Literary  and  Philosophical  Society. 

Transactions :  New  Quarterly  Series. 

YoL  ii,  part  4,  with  Eeport  of  Council,  &c,  1890. 

„  „    5-8,  October,  1890;  January,  April,  July,  1 89 1 . 

8vo.     Leicester,  1890-91. 
liverpooL     Geological  Association. 

Journal :  YoL  x.,  Session  1889-90.     8vo.     Liverpool,  1890. 

London.     British  Association  for  the  Advancement  of  Science. 
Eeport    of    the    Sixtieth    Meeting,    held    at    Leeds    in 
September,  1890.  8va     London,  1891. 
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London.     Geological  Society  of  London. 
List  .  .  .  November  Ist,  1890. 
Quarterly  Journal :  Vol.  xlvi.,  No.  184. 
„  .„  „    xlvii.,    „    185-187. 

8vo.     London,  1890-91. 
.     Geologists'  Association. 

Proceedings:  Vol.  xi,  Nos.  8,  9,  and  Title-page  and  Index 

of  vol.  xi. 
Proceedings  :  Vol.  xii.,  Nos.  1-4.     8vo.     London,  1890-91 


-.     London,  Edinburgh,  and  Dublin  Philosophical  Magazine 
Series  V.     VoL  30,  Noa  186,  187.     Nov.  and  Dec.,  1890. 
„  „     31     „     188-193.     Jan.  to  June,  1891. 

„     32     „     194-197.     July  to  Oct,  1891. 

8vo.     London,  1890-91.     Purchased. 
-.     Palajontographical  Society. 
Vol.  xliv.  for  1890.  4to.     London,  1890.     Purchased. 

-.     Royal  Society. 

Proceedings  :  Vol.  xlviil.  No.  295.     Jan.,  1891. 

„  „    xlix.,  Nos.  296-301.     Feb.  to  July,  1891. 

„  „    1.,  No.  302.     Aug.,  1891. 

-.     Society  of  Chemical  Industry. 
Journal :  Vol.  ix.,  Nos.  11,  12.     Nov.  and  Dec.,  1890.. 
„  „     X.,      „     1-9.     Jan.  to  Sept.,  1891. 

Imp.  8vo.     London,  1890-91. 

-.  List  of  Mines  worked  in  the  year  1890,  including  some  of 
the  Open-works.     Prepared  by  H.M.  Inspectors  of  Mines. 

Folio.     London,  1891. 

List  of  the  Plans  of  Abandoned  Mines,  deposited  in  the  Home 
Office  under  the  Coal  and  Metalliferous  Mines  Begolation 
Acta     Corrected  to  31st  December,  1890. 

Folio.     London,  1891. 

Summaries  of  the  Statistical  Portion  of  the  Eeports  of  H.M. 
Inspectors  of  Mines,  year  1890.  Coal,  MetallifeTons,  and 
Slate  Mines  Act.  Folio.     London,  1891. 

[Presented  by  Dr.  C.  Le  Neve  Foster.] 
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Manchester.     Geographical  Society. 

Jonmal :  Vol.  vi.,  Nos.  4-6.     April  to  June,  1890. 

8vo.     Manchester,  Nov.,  1890. 
.     Geological  Society. 

Transactions :  Vol.  xxL,  parts  1-10. 

8vo.     Manchester,  1890-91. 
.     Owen's  College  Museum. 

Report;  Oct,  1889,  to  Sept.,  1890. 

Roy.  8vo.  (2  copies).     Manchester,  1890. 

.     Scientific  Students'  Association. 

Report  and  Proceedings  for  the  years  1881,  1882,  1883. 

8vo.     Manchester,  1881-83. 
Minnesota.     Historical  Society  St.  Paul. 

Brower  (J.V.)  Detailed  Hydrographic  Chart  of  the  Ultimate 
Source  of  the  Mississippi  River,  Itasca  Lake,  or  State  Park, 
folded.  St.  Paul,  Minnesota,  1891. 

Newcastle-upon-Tyne.     North  of  England  Institute  of  Mining  and 
Mechanical  £ngineer& 

Transactions :  Vol.  xxxix.,  part  i. 

x]  i 

Roy.  8vo.     Newcastle-upon-Tyne.     1891. 

Report  of  the  French  Commission  on  the  Use  of  Explosives 
in  the  Presence  of  Eire-damp  in  Mines.     Parts  2  and  3. 

8vo.     Newcastle-upon-Tyne,  1890-91. 

New  Haven.     Connecticut  Academy  of  Arts  and  Sciences. 

Transactions :  Vol.  viii,  part  i.         8vo.     New  Haven,  1890. 

New  South  Walea     Royal  Society  of  New  South  Wales, 

Journal  and  Proceedings  :  Vol.  xxiii.,  part  2  .  .  1889. 

„  „  Vol.  xxiv.,  parts  1,  2,  1890. 

8vo.     Sydney,  1890. 
New  York.     American  Greographical  Society. 

Bulletin :  Vol  xxiL,  Nos.  3,  4,  and  Supplement,  1890. 

„  „     xxiii,    „     1,2,3,  March,  June,  and  Sept.  1891. 

.     New  York  Academy  of  Sciences  (late  Lyceum  of  Natural 

History). 
Annals :  Index  to  vol.  iv. 

„        Vol  v.,  Nos.  4-8.  8vo.     New  York,  1890. 
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North  Carolina.     Elisha  Mitchell  Scientific  Society. 

Journal :  YoL  viL,  part  2.  Svo.     Baleigh,  N.G.,  1891. 

Nova  Scotia     Institute  of  Natural  Science. 

Proceedings  and  Transactions :  VoL  vii,  parts  1,  2.    1886-88. 

8vo.     Halifax,  N.S.,  1888. 
Paris.    &ole  des  Mines. 

Annales  des  Mines :  S^e  TiiL,  tome  XTiiL,  liy.  4-6. 

8vo.    Paris,  1890-91. 
„  „  „         tome  zix.,  liv.  1-3. 

8va    Paris,  1891. 
Pennsylvania.     Geological  Survey  of  Pennsylvania 

Seventh  Eeport  on  the  Oil  and  Oas  Fields  of  Western 
Pennsylvania  for  1887-88.         8vo.     Harrisburg,  1890. 

Atlas,  Southern  Anthracite  Field :  part  3,  AA.  1889. 

A  Dictionary  of  the  Fossils  of  Pennsylvania  and  neighbour- 
ing States  named  in  the  Eeports  and  Catalogues  of  the 
Survey.     By  J.  P.  Lesley.    Vols.  2,  3.     N-Z. 

8vo.     Harrisburg,  1889-90. 

Penzance.     Natural  History  and  Antiquarian  Society. 

Report  and  Transactions,  1890-91.    8vo.    Plymouth,  1891. 

Philadelphia.     Academy  of  Natural  Sciences. 

Proceedings :  Parts  2,  3,  April  to  December,  1890. 
„  Part  1,  January  to  March,  1891. 

8vo.     Philadelphia,  1890-91. 
Tuberculosis.     Reprints  of  Three  Editorials. 

Cr.  8vo.     Philadelphia,  1891. 

.     American  Philosophical  Society. 

Proceedings:  VoL  xxviii,  July-December,  1890,  No.  134. 

8vo.     Philadelphia,  1891. 
Pisa.     Society  Toscana  di  Scienze  NaturalL 

Memorie :  Vol.  xL  Roy.  8vo.     Pisa,  1891. 

Processi  VerbaU :  Vol.  vii,  pp.  129-170  and  199-234. 

Roy.  8vo.     Pisa,  1890-91. 

Plymouth.      Plymouth    Institution    and    Devon    and    Cornwall 
Natural  History  Society. 
Report  and  Transactions  for  1890-91 :  VoL  xi,  part  i 

8vo.     Plymouth,  1891. 
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Rio  de  Janeiro.     Museu  NacionaL 

Aichivos  do  Mnsea  ^acional  do  Eio  de  Janeiro :  YoL  vu. 

4to.     Bio  de  Janeiro,  1887. 

Monograph:  Le  Museum  National  de  Eio-de-Janeiro  et  son 
Inflaence  snr  les  Sciences  Naturelles  an  Br^il,  par  LadisULu 
Netto.  8vo.     Paris,  1889. 

Rochester.     Academy  of  Science. 
Proceedings :  Vol.  i.,  brochure  i. 

8vo.     Rochester,  N.Y.,  1890. 

Rome.     Memorie  Descrittive  della  Carta  Greologica  d'ltalia :  Vol.  vi 
L.  Baldacci-Ck)lonia  Eritrea.  Roy.  8yo.     Roma,  1891. 

[Presented  by  Dr.  Foster.] 

Truro.     Royal  Institution  of  ComwalL 

Journal :  Vol.  x.,  part  2.     March,  1891.     8vo.    Truro,  1891. 

United  States.     Department  of  the  Interior :  Geological  Survey. 
Bulletin :  No  58. — The  Glacial  Boundary  in  Western  Penn- 
sylvania, Ohio,  Kentucky,  Indiana,  and 
Illinois.     By  G.  F.  Wright.     Introduc- 
tion by  T.  C.  Chamberlin. 

„  „     59. — The  Gabbros  and  Associated  Rocks   in 

Delaware.     By  F.  D.  Chester. 

„  „     60. — Report  of  Work  Done  in  the  Division  of 

Chemistry  and  Physics,  mainly  during 
the  fiscal  year  1887-88.  By  F.  W. 
Clarke,  Chief  Chemist. 

„  „     61. — Contributions  to  the  Mineralogy  of  the 

Pacific  Coast.  By  W.  H.  Melville  and 
W,  Lindgron. 

„  „     63. — A  Bibliography  of  Palseozoic   Crustacea 

from  1698  to  1889,  including  a  List  of 
North  American  Species,  and  a  System- 
atic Arrangement  of  Genera.  By  A. 
W.  Vogdea 

„  „     64. — A  Report  of  Work  Done  in  the  Division 

of    Chemistry    and     Physics,    mainly 
during  the  year  1888-89.     By  F.  W. 
Clarke,  Chief  Chemist. 
VOL.  XL  2  c 
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United  States.     Department  of  the  Interior :  Geological  Survey. 
Bulletin :  No.  66. — On  a  Oroap  of  Volcanic  Bocks  from  the 

Tewan  Mountains,  New  Mexico,  and  on 
the  Occurrence  of  Primary  Quartz  in 
Certain  Basalts.      By  J.   P.   Iddings. 

Washington,  1889-90. 
Monograph  :  Vol.  i. — Lake  Bonneville.     By  G.  K.  Gilbert 

4to.  Washington,  1890. 

Statistical  Paper. — Mineral  Eesources  of  the  United  States, 

year  1888.     By  David  T.  Day.     8vo.     Washington,  1890. 

Eeport. — Ninth  Annual  Eeport  of  the  U.S.  Geological  Survey. 

By  J.  W.  Powell,  Director.  4to.     Washington,  1889. 

Victoria.     Department  of  Mines. 

Annual  Eeport  of  the  Secretary  for  Mines,  to  the  Hon.  A.  R. 
Outtrim,  M.P.,  Minister  of  Mines  for  Victoria,  for  the  year 
1890.  Folio.     Melbourne,  1891. 

Eeports  and  Statistics  of  the  Mining  Department^  compiled 
and  arranged  by  the  Secretary  for  Mines. 

For  the  Quarter  ended  30th  September,  1890. 

Folio.     Melbourne,  1890. 
For  the  Quarter  ended  3l8t  March,  1891. 

Folio.     Melbourne,  1891. 
,     Stawell  School  of  Mines. 

Annual  Report  and  Prospectus. 

8yo.     Stawell,  Victoria,  1891. 

Vienna.     K.  K.  Geologischen  Eeichsanstalt. 
Verhandlungen :  Nos.  10-18.     1890. 
„  „     1-7.         1891. 

Royal  8vo.     Wien,  1890-91. 

.     K.  K.  Naturhistorischen  Hofmuseums. 

Annalen  :  Band  V.,  No.  4. 

„  „   VI,  Nos.  1,  2.    Imp.  8vo.  Wien,  1890-91. 

Washington.     Smithsonian  Institution. 

Annual  Report  to  July,  1888.        8vo.    Washington,  1890. 
„  „     (of  U.S.  National  Museum)  for  the  year  ending 

June  30th,  1888.  8vo.    Washington,  1890. 

Annual  Report  to  July,  1889.        8vo.    Washington,  1890. 
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IL  GEOLOGICAL  AND  MISCELLANEOUS  PUBLICATIONS. 
PreserUed  by  the  Authors  or  other  Donors^  or  Pwrchased, 

Foster,  Dr.  Clement  Le  Neve.  Lecture  on  the  Progress  of  the  Art 
of  Mining.     [From  "Engineering."] 

[Presented  by  the  Author.] 

Studi  sui  Combustibili  Fossiii  Italiani,  a  specialmente  sui 
Giacimenti  della  Calabria.  8vo.     Roma,  1890. 

Address  by  John  C.  Branner  on  "  The  Relations  of  the  State 
and  National  Geological  Surveys  to  each  other  and  to  the 
Geologists  of  the  Country.       8vo.     Salem,  Mass.,  1890. 
[Two  Pamphlets  presented  by  Dr.  Foster.] 

Geinitz,  H.  B.  Nachtragliche  Mittheilungen  ueber  die  rothen  und 
bunten  Mergel  der  oberen  Dyas  bei  Manchester — Ueber 
einige  eruptivgesteine  in  der  Provinz  Sao  Paulo  in  Brasilien. 

8vo.,  8  pp.     Dresden,  1890. 
[Presented  by  the  Author.] 

James,  Ivor.     Handbook  of  Cardiff  and  District,  Prepared  for  the 
use  of  the  British  Association.     Cr.  8vo.     Cardiff,  1891. 
[Presented  by  the  Author.] 

Prestwich,  Joseph.  On  the  Age,  Formation,  and  Drift  Stages  of 
the  Daren t  Valley.  [From  Quar.  Jour,  of  GeoL  Soc.,  May, 
1891,  vol.  xlvii.] 

[Presented  by  the  Author.] 

Woodward,  A.  S.,  and  Sherbom,  C.  D.  A  Catalogue  of  British 
Fossil  Vertebrata.  Supplement  for  1 890.  [From  Geological 
Magazine,  Decade  3,  vol.  viii..  No.  319,  p.  25,  Jan.,  1891.] 

8vo.     London,  1891. 
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CURATOR'S  REPORT. 


Thb    following    specimens   have   been  added    to    the   Socie^ 
Collections : 

NAME  AND  LOCALITY.  DONOB. 

Hornblende  Crystal,  with  Crystals  of  Scapo- 
lite  (minute)  and  Sphene,  near  Eisdr,  Norway. ' 
Hornblende  Crystal 


» 


19 


II 


I) 


11 


>l 


» 


II 


„  „       with  many  small  Crystals 

of  Sphene,  near  Risor,  Norway. 
Apatite  on  Hornblende,  near  Eisdr,  Norway. 
Rutile,  massive,  near  Eisor,  Norway. 
Entile  (Crystals  in  Quartzose  Gossan),  near 

EiBor,  Norway. 
Eutile,   Crystals  from  Quartz  Gossan,  near 

Thirdestrand,  S.E.  Norway. 
Euxenite,  near  Arendal,  Norway. 
Scapolita  Crystal,  near  Eisor,  Norway. 


.  Mr. 

/    Arthur  Collins 


/ 


i> 


ff 


II 


11 


A.  Weather  flake   of    Laurentian   granitoid 
gneiss  from  Kaladar,  in  Eastern  Ontario.      \ 

Measurement  7  inches  x  5^  inches  x  f  of 
an  inch. 

B.  Weather  flake  of  banded  gneiss  from  the 
same  place. 

Size  5^  inches  by  3  inches  by  ^  inch. 

C.  Weather  flake  of  ferruginous  quartz-con-  \  ^'  ^'  ^'  ^^^^' 
glomerate  from  the  Carro  Saloman,  Eio 
Tinto. 

Size  5  inches  by  3^  inches  by  |  inch. 
In  illustration  of  Mr.  J.  H.  Collins'  paper, 
"Note  on  certain  illustrations  of  sub- 
serial    denudation    due    to    changes    of 
temperature." 


p.o.s. 


/ 
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Specimens  firom  Ogo  Donr  District,  Lizard. 
In  illustration  of  Mr.  Howard  Fox's  paper, 

"Further  notes  on  the  Ogo  Dour  Dis-  (^'-  toward  Fox. 
trict." 


Large  specimen  of  Jews'  House  Tin,  found  in  \  Messrs. 

making  the  Cornwall  Railway,  near  St.  I T.  B.  Bolitho,  m.p., 
Austell,  in  1858.  j  and  T.  R.  BoHtho. 
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NOTE  ON  CERTAIN  ILLUSTRATIONS  OF 

SUBAERLA.L  DENUDATION  DUE  TO 

CHANGES  OF  TEMPERATURE. 

By  J.  H.  CoLUNS,  p.G.a 

(Read  16th  October,  1801.) 


The  powerful  action  of  frost  in  disintegrating  rock- 
masses,  by  the  freezing  and  consequent  expansion 
of  water  which  had  previously  made  its  way  into 
joints  and  fissures,  has  been  dwelt  upon  by  many 
geologists ;  and  the  notable  results  of  such  action,  in 
elevated  mountain  regions  especially,  have  claimed 
the  attention  of  travellers,  whether  geologists  or  not. 
This  is  the  ordinary  action  of  frost — to  open  existing 
divisional  planes ;  and  the  production  of  such  planes 
by  changes  of  temperature  does  not  appear  to  have 
received  the  attention  it  deserves. 

Professor^.  S.  Shaler,  of  Boston,  and  Dr.  Sterry 
Hunt,  of  Montreal,  have  referred  the  well-known 
"horizontal  bedding''  or  "concentric  lamination*' 
of  granitic  rocks — rocks  which  occur  in  layers 
"apparently  conformable  to  the  present  surface  of 
the   country" — to  "movements   of  contraction  and 
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expansion  in  the  mass,  caused  by  variations  of 
temperature  during  the  changes  of  the  seasons."^ 

This  system  of  joints  in  granite,  "conformable 
to  the  general  surface  of  the  country,"  is  noteworthy 
in  all  the  principal  granite  quarries  of  CJomwall  and 
Devon,  and  also  in  the  cliflFs  of  the  Lands  End 
district;  and,  in  combination  with  two  nearly 
vertical  systems  of  joints,  it  has  given  rise  to  the 
numerous  tors  and  logan  rocks,  as  well  as  to  the 
remarkable  cuboidal  groupings  so  common  near  the 
Land's  End. 

Notwithstanding  the  conclusion  of  Professor 
Shaler  and  Doctor  Sterry  Hunt,  many  may  still 
doubt  whether  these  particular  divisional  planes  are 
due  to  the  cause  assigned ;  but  there  are  other  very 
similar  divisional  planes  produced  by  changes  of 
temperature  on  a  much  smaller  scale,  the  origin  of 
which  none  probably  will  doubt  who  have  seen  them. 

Travelling  in  Eastern  Ontario  last  May,  soon  after 
the  frosts  of  the  severe  Canadian  winter  had  dis- 
appeared,   I   observed   that   many  of  the  glaciated 

*  "The  fine-grained  white  granitoid  gneisses  often  present  an 
apparently  bedded  structure,  which  enables  them  to  be  removed  in 
plates  or  layers  lying  at  no  great  angle,  and  apparently  conformable  to 
the  present  surface  of  the  country.  This  structure,  which  I  conceive  to 
have  been  superinduced  by  superficial  changes  of  temperature,  is  often 
quite  independent  of  the  bedding.  .  .  .  This  is,  in  fact,  the  concentric 
lamination  of  granite  long  since  observed  by  Von  Buch,  and  I  believe 
/v/  correctly  explained  by  Professor  F.  S.  Shaler  to  be  due  to  movements 

'  of  contraction  and  expansion  in  the  mass,  caused  by   variation   of 

temperature  during  the  changes  of  the  seasons.  He  has  not,  however, 
observed  this  structure  at  greater  depths  than  from  three  to  five  feet ; 
while  in  some  rocks  I  have  found  it  penetrating  probably  twenty  feet" 
— T.  Sterry  Hunt,  "  Geology  of  Eastern  New  England,*'  Avk  Joum, 
8ci.  1870,  voL  ii  p.  88. 
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surfaces  of  the  granitoid  gneissose  Laurentian  rocks 
were  covered  with  thin  flakes.  It  cannot,  I  think, 
be  doubted  that  these  are  the  work  of  frost,  and 
probably  of  the  somewhat  sudden  changes  from 
bright,  warm  sunshine  to  the  severe  cold  which 
follows  closely  on  the  sunset.  The  large  size  of  the 
flakes,  in  comparison  with  their  trivial  thickness,  and 
the  way  in  which  the  fracture  has  passed  indifferently 
across  the  constituent  minerals  and  the  foliation 
bands,  cannot  fail  to  be  remarked,  also  the  difference 
between  the*  weathered  and  the  newly-fractured 
surfaces.  This  sudden  chilling  of  the  superficially- 
warmed  surface  of  a  material  possessing  so  little 
heat-conducting  power  as  granitoid  gneiss,  must 
occur  frequently  in  every  winter  on  rocks  which 
have  been  cleared  of  snow  by  the  winds.  Near  such 
rocks  these  frost  flakes  are  often  abundant,  and  it 
cannot  be  doubted  that  we  have  here  a  very  effective 
agent  of  denudation. 

Very  similar  flakes  are  often  produced  by  tempera- 
ture changes  falling  far  short  of  frost.  I  have  noticed 
them  repeatedly  on  our  Cornish  hills,  where,  at  any 
rate,  severe  frost  is  unknown,  and  really  hot  sunshine 
quite  rare.  But  the  most  notable  examples  with 
which  I  am  acquainted  occur  on  the  hills  in  the 
neighbourhood  of  the  Kio  Tinto  mines  in  the  south 
of  Spain.  In  the  height  of  summer  the  sur&ce-rocks 
are  often  heated  to  160°  F.,  or  even  more,  during  the 
day ;  while  the  coming  of  a  wind  from  the  Sierra 
Morena  to  the  northward  will  sometimes  reduce  the 
temperature   of  the   same  rocks  to  70**  during  the 
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night — a  range  of  at  least  90**  in  perhaps  eight  or 
nine  hours ;  while  a  sudden  shower  may  produce 
such  a  chill  in  a  few  minutes.  These  alternations  of 
temperature  have  in  some  cases  caused  the  scaling-off 
of  thin  layers  of  porphyry,  diabase,  ironstone-breccia, 
and  other  rocks,  from  the  more  exposed  masses  on 
the  hill -tops  and  in  the  broader  valleys.  Similar 
flakes  occur  abundantly  in  connection  with  the 
silicified  felspar  porphyries,  and  Jurassic  limestones 
of  Torreon  in  the  state  of  Chihuahua,  Mexico.  In 
some  spots  the  rocks  have  acquired  from  this  scaling- 
off  process  rounded  forms  which  might  easily  be 
supposed  to  have  resulted  from  glaciation,  were  it 
not  that  the  rock-flakes  cover  the  ground  around  to 
a  depth  of  a  foot  or  more.  These  flakes,  caused  by 
alterations  of  surface  temperature,  much  resemble 
those  produced  in  mines  underground,  where  the  old 
process  of  fire-setting  is  used.  By  this  process  the 
rock  to  be  mined  is  first  heated  by  a  strong  fire,  and 
then  allowed  to  cool,  or  even  suddenly  cooled  with 
water,  by  which  means  a  series  of  parallel  cracks  is 
developed,  enabling  the  miner  to  split  off  the  rock 
in  flakes.  Some  of  the  more  ancient  waste-heaps 
from  the  iron  mines  of  Sweden  and  Norway,  where 
this  process  was  once  extensively  adopted,*  consist 
entirely  of  these  flakes  and  their  fragments,  measuring 
up  to  a  square  foot  in  area,  with  a  thickness  of  con- 
siderably  less   than   an  inch.      It  is  only  by  their 

*  My  son,  A.  L.  CoUins,  informs  me  that  the  process  is  stiU  in  use  in 
the  Royal  Silver  Mines  at  Kongsberg.  Several  references  to  the  ancient 
method  of  mining  by  "  fire-setting"  wiU  be  found  in  Mr.  Hanfs  BriM 
Mining, 
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situation  in  heaps  near  the  old  shafts  that  they  ean 
be  distinguished  from  the  naturaUy-formed  flakes. 

It  seems  to  me  that  these  superficial  changes  of 
temperature,  whether  descending  below  the  freezing 
point  or  not,  have  played  an  important  part  in  the 
production  of  granite  tors,  logan  stones,  "  boulders," 
and  rock-basins.  The  blocks  of  ferruginous  con- 
glomerate on  the  Cerro  Salamon,  near  the  Rio 
Tinto  mines,  where  protected  by  vegetation,  the 
the  shade  of  a  great  rock  or  otherwise,  are  often 
quite  angular;  but  where  they  have  been  subject 
to  much  weather-flaking  they  have  finally  acquired 
rounded  forms — as  illustrated  in  fig.  1.     Had  there 


Fio.  1. 


been  a  series  of  blocks  piled  one  on  another  it  is 
quite  conceivable  that  a  form  like  fig.  2  would  result ; 


wmmimi/m 
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and  such  a  aeries  of  apparently  piled  rocks  might  easily 
occur  oa  the  summit  of  a  ridge,  as  in  fig.  3,  where 


the  parts  supposed  to  be  removed  by  saccessive 
flaking  and  weathering  are  shaded.  The  removal  of 
flakes  from  the  upper  surfaces  of  rocks  may  in  the 
same  way  give  rise  to  rock-basins,  which  are  afterwards 
deepened  and  smoothed  by  the  chemical  action  of 
pools  of  water,  and  the  mechanical  attrition  of  grains 
of  sand,  as  long  ago  suggested  by  Sir  Gardner 
Wilkinson  and  others. 

The  specimens  sent  in  illustration  of  the  foregoing  paper 
are  as  follows : 

A.  Weather  flake  of  Laurentian  granitoid  gneias  from 
Ealadar,  in  Eastern  Ontario.  Measurements,  7  iucbes  by 
5J  inches  by  f  of  an  inch, 

B.  Weather  flake  of  banded  gneiss  from  the  same  place, 
size,  5J  inches  by  3  iuches  by  \  inch. 

C.  Weather  flake  of  ferruginons  quartz-conglomerate  from 
the  Cerro  Salamon,  Rio  Tinto,  size,  6  inches  by  Z\  inches  by 
i  inch. 


THE 

SUCCESSION  OF  THE  PLYMOUTH  DEVONIANS. 

By  R.  N.  Worth,  p.g.s. 

(Read  16th  October,  1891.) 


Mr.  Ussher's  valuable  analysis  of  De  la  Beche  on 
the  Devonians  of  the  West,  read  to  this  Society  at 
its  last  meeting,  and  published  in  the  Transactions,* 
contains  sundry  references  to  the  Devonians  of  the 
Plymouth  district,  on  which  I  should  wish  to  offer  a 
few  remarks  —  critical  in  the  main,  but,  I  trust, 
helping  towards  the  solution  of  a  much -debated 
problem  of  western  stratigraphical  geology. 

In  the  map  attached  to  the  paper  Mr.  Ussher 
shows  the  Plymouth  limestones  as  Middle  Devonian ; 
the  rocks  immediately  to  the  south  as  Lower 
Devonian,  those  immediately  to  the  north  as  Upper 
Devonian.  The  point  at  issue  is  not  the  horizon  of 
the  Plymouth  limestones,  which  are  now  accepted  on 
all  hands  as  Middle  Devonian ;  but  the  relation  to 
these  limestones  of  the  strata  north  and  south. 

*  Vol.  xi  pp.  273-326. 
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In  the  text*  Mr.  Ussher  connects  the  Staddon 
group  with  the  Cockington  beds,  which  he  has  else- 
where shown  to  be  "  Lower  Devonian  (Coblenzian)  " ; 
and  adds,  "  The  succession  from  the  Plymouth  lime- 
stone southward  being  inverted  it  is  probable  that 
we  have  a  downward  succession  of  grits,  grey  slates, 
variegated  slates."  The  Staddon  beds  are  therefore 
placed  below  the  Plymouth  limestone.  So  much  in 
brief  for  the  position  assigned  to  the  rocks  on  the 
south  of  the  accepted  Middle  Devonian  horizon. 

Concerning  the  rocks  on  the  north  of  that  horizon, 
Mr.  Ussher  quotes  De  la  Beche  t  as  stating  that  the 
Plymouth  limestones  "  rest  upon  the  slates  to  the 
north  of  them,  in  which  schistose  trappean  rocks 
locally  occur.  The  southerly  dip  of  the  latter, 
between  Plymouth  and  Tavistock,  is  pointed  out. 
This  is  of  course  an  inverted  junction,  and  therefore 
misleading."  Elsewhere  Mr.  Ussher  notes, J  "In  the 
country  between  Tavistock  and  Plymouth  ...  I 
fail  to  recognise  anything  lower  than  the  Middle 
Devonian ;  and  in  the  Gold  Street  Farm  cutting  Culm 
Measures  occur  faulted  down  on  both  sides." 

The  point  to  which  I  have  specially  to  refer  is  the 
statement  that  the  junctions  of  the  Plymouth  lime- 
stone with  the  rocks  north  and  south  are  inverted. 
I  believe  I  am  correct  in  saying  that  until  the  late 
Mr.  Jukes  started  the  idea,  no  one  had  even  hinted 
the  possibility  of  this  being  the  case,  though  of 
course   the   thing   is   possible   enough.     All  that  is 

*  Op.  cit.  p.  3()3.  t  IhH.  p.  281. 

X  Ibid.  p.  315. 
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wanted  is  proof;  and  Mr.  Jukes  certainly  adduced 
none.  He  had  his  own  peculiar  views  on  the  age 
of  the  generally-classed  Devonian  rocks  of  Devon ; 
and  to  sustain  those  views  an  assumed  inversion 
became,  not  a  physical  fact,  but  a  logical  necessity. 
The  hypothesis  has  never  advanced  beyond  this 
stage,  from  his  day  until  now ;  nor,  although 
familiar  with  the  district  all  my  life,  have  I  ever 
been  able  to  trace  the  smallest  fragment  of  evidence 
in  its  favour. 

And  when  every  allowance  is  made  for  the  obscure 
indications  of  dip  commonly  aflfbrded  by  highly- 
cleaved  slates;  and  for  the  numerous  folds  into  which 
the  country  between  the  granites  of  Dartmoor  and 
Kit  Hill,  with  their  subterranean  link,  and  the  sea 
has  been  thrown — there  is  plainly  evident  a  steady 
general  southerly  dip,  which  should  indicate  a  general 
southerly  upward  succession.  In  fact,  the  existence 
of  this  apparent  succession  is  admitted  in  the 
suggestion  of  inversion.  Under  such  circumstances 
we  should  require  strong  testimony  before  reversing 
a  reading  which  has  been  all  but  universally  accepted ; 
and  which,  as  I  have  already  said,  is  really  ques- 
tioned on  logical,  and  not  upon  physical  grounds. 

Dr.  HoU  long  since  pointed  out  a  vital  objection  to 
Mr.  Jukes's  view  in  the  fact  that  none  of  the  assumed 
underlying  rocks  to  the  south  of  the  limestone  appear 
again  on  the  north.  Mr.  Jukes  laid  himself  open  to 
this  by  suggesting  merely  an  "inverted  local  anti- 
clinal." The  same  argument  cannot,  however,  fairly 
be  urged  against  Mr.  Ussher,  for  his  proposal  goes 

VOL.   XI.  2d 
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praxitically  to  the  extent  of  reversing  the  whole 
district;  and  his  classing  the  rocks  north  of  the 
limestone  generally  as  Upper  Devonian,  has  the 
thoroughness  and  consistency  which  Mr.  Jukes's 
proposition  lacked. 

The  character  of  the  Pl3anouth  limestone  ought  to 
have  some  weight  in  the  consideration  of  this 
question.  It  is  a  band  some  three-quarters  of  a 
mile  in  width,  the  dip  varying  in  places,  but  generally 
increasing  from  north  to  south.  Some  of  the  beds 
are,  however,  horizontal,  others  all  but  vertical.  At 
Cattedown  there  is  a  shallow  synclinal ;  at  Tumchapel 
undulations ;  and  in  all  probability  the  limestone  is 
not  only  much  disturbed,  but  includes  repetitive 
folds.  Again,  we  take  its  physical  structure.  Great 
part  of  its  bulk  is  coralline — the  remnants  of  a  coral 
reef;  which,  by  the  manner  in  which  the  main  mass 
of  the  limestone  lies  among  the  bordering  strata, 
suggests  an  origin  in  a  fringing  reef  in  a  shallow  sea. 
Other  part  of  its  bulk  is  detrital,  and  contains 
numerous  fossil  shells;  other  part  again  is  heavily 
charged  with  sand ;  and  still  other  with  carbo- 
naceous matter  derived  from  the  decay  of  organic 
substances. 

Now  it  is  worthy  of  note  that  the  first  appearance 
of  calcareous  matter  in  the  slate  rocks  immediately 
to  the  north  of  the  limestone — ^and,  therefore,  pre- 
sumably underlying  it — is  in  the  form  of  tables  or 
lenticles  of  varying  sizes,  and  greater  or  less 
persistency,  which  on  examination  prove  not  to  be 
fragment^l   or   detrital   in   their   origin,   but   to  be 
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essentially  composed  of  the  remains  of  coral  and 
allied  organisms  mixed  with  tufaceous  matter.  In 
fact,  they  have  all  the  characters  of  the  beginnings  of 
a  reef — its  foundations — not,  as  they  would  be  if 
the  junction  were  inverted,  of  its  crumbling  super- 
structure. To  the  south  of  the  limestone  the  appear- 
ances are  very  different. 

Another  point  to  be  noted  is  the  occurrence 
immediately  north  of  the  limestone  of  large  masses 
of  contemporary  lavas  and  ash  beds  or  tuffs.  At 
points  indeed  there  is  rock  of  volcanic  origin  in 
contact  with  and  apparently  underlying  the  lime- 
stone. Now  if  this  were  later  than  the  limestone,  as 
it  would  be  if  the  junction  were  inverted,  we  should 
expect  to  find  the  limestone  much  altered.  Nothing 
of  the  sort,  however,  is  apparent.  Again,  some  of 
the  northern  underlying  slates  contain  a  very 
appreciable  quantity  of  tufaceous  matter  mixed  with 
the  fine  silt  which  formed  their  chief  component. 
And,  in  short,  all  that  we  find  is  consistent  with  the 
theory  that  the  Plymouth  limestones  were  formed  in 
a  sea,  shallow  and  not  far  from  shore,  into  which  a 
large  quantity  of  volcanic  rejectamenta  as  well  as 
lava  found  its  way ;  and  that  the  reef  building  did 
not  begin  until  the  volcanic  period  had  practically 
ceased.  Mr.  Ussher  has  himself  pointed  out  that 
in  the  Lower  Devonian  beds  of  the  Dartmouth 
area  there  are  signs  of  contemporaneous  volcanic 
action.* 


*  0;p,  cit.  p.  317. 
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The  great  difficulty  in  deciding  authoritatively  as 
to  the  age  of  these  northern  slates  is  the  absence 
of  fossils.  I  only  know  of  one  instance  of  their 
occuTTence,  and  that  was  a  cast  of  a  large  bivalve 
found  in  a  tuflf-bed  at  Honicknowle,  near  Devon- 
port,  which  to  the  best  of  my  recollection  was  of  a 
Lower  Devonian  type.  Unfortunately  it  is  not  now 
available,  and  has  had  no  companion. 


However,  there  is  palseontological  evidence  to  be 
had  on  the  south  of  the  limestone ;  and,  bo  far  as 
I  am  competent  to  judge,  it  does  not  favour  Mr. 
Ussher's  inversion  hypothesia.  A  splintery  drab 
slate  at  Plymstock,  about  a  mUe  from  the  southern 
edge  of  the  main  mass  of  the  Plymouth  Umestone,  is 
thickly  charged   with  fossils,   mostly    fragmentary, 
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among  which  spirifers  and  encrinites  abound,  and 
orthides  and  trilobites  occur.  They  certainly  do 
not  suggest  Lower  Devonian  characters,  and  seem 
to  me  to  be  closely  allied  to  the  upper  fauna  of 
South  Petherwin. 

Of  course,  one  is  entitled  to  claim  this  as  equally 
good  evidence  for  the  apparent  succession  being  the 
real  one,  as  the  assignment  of  the  Staddon  grits  to 
Lower  Devonian  age  is  of  inversion. 

It  must  not  be  understood  that  I  doubt  this 
assignment.  My  special  object  is  to  question  the 
necessity,  as  a  result  of  that  assignment,  of  believing 
that  the  rocks  to  the  south  of  the  Plymouth  lime- 
stone are  Lower  Devonian,  and  those  to  the  north  of 
that  limestone  Upper.  In  a  district  of  country  so 
faulted  and  folded  as  South  Devon,  both  Upper  and 
Lower  may  well  occur  on  either  side  of  that  horizon. 
I  have  no  doubt,  accepting  Mr.  Ussher  s  correlation 
with  Cockington,  that  they  do  on  the  south.  I  have 
more  than  once  been  led  to  suspect  that  there  are 
Carboniferous  rocks  patched  in  somehow  among  the 
Devonian  slates  on  the  north.  And  I  am  convinced 
that  nothing  will  help  us  to  the  real  solution  of  these 
questions  but  the  most  careful  detailed  mapping. 
Resemblances  and  correlations  without  this  are  really 
of  no  practical  value ;  for  probably  there  is  no  part 
of  the  kingdom  where  it  is  less  safe  to  make  strati- 
graphical  deductions  from  generalized  information 
than  South  Devon  and  East  Cornwall.  There  is 
absolutely  no  dependence  on  the  continuance  of  con- 
ditions. 
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On  two  other  points  suggested  by  Mr.  Ussher  I 
should  like  briefly  to  comment.  He  states  of  the 
rock  near  Modbury,  "  hesitatingly  classed  by  De  la 
Beche  as  an  elvan,"  that  "  it  evidently  appears  to  be 
an  arkose."  *  But  I  do  not  understand  that  he  had 
examined  it.  When  I  did  so  some  years  since, 
though  it  was  certainly  an  extreme  quartzose  form,  I 
had  little  doubt  of  its  elvanic  character,  and  should 
never  have  thought  of  classing  it  as  arkose. 

The  other  point  has  reference  to  the  boundary  of 
the  Staddon  grits  at  Mount  Edgcumbe.  I  never 
have  been  able  to  undei'stand  Dr.  Holl's  boundary  at 
that  point ;  nor  do  I  quite  understand  Mr.  Ussher's. 
With  him,  "I  see  no  evidence  of  the  continuation  of 
the  Staddon  grits  to  the  west,  between  Bame  Head 
and  Looe."  t  But  there  are  arenaceous  beds  on  the 
northern  shore  of  Millbrook  Creek ;  and  I  have 
traced  sandstones  trending  away  thence  to  the 
north-west.  In  my  opinion,  less  is  really  known  of 
that  corner  of  East  Cornwall,  save  on  the  coast,  than 
of  the  geology  of  any  other  part  of  the  West  of 
England. 

These  few  comments  upon  a  paper  which  involved 
such  an  enormous  amount  of  important  work,  and 
which  probably  no  one  but  Mr.  Ussher  could  have 
written,  must  be  taken  merely  as  a  tentative  con- 
tribution towards  the  discussion  of  a  most  difficult 
subject.  We  seem  much  further  off*  now  from  settling 
the  geology  of  Cornwall  and  Devon  on  an  accepted 


♦  Up.  cU,  p.  303.  t  tfp.  cit,  p.  305. 
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bapsis  than  we  were  a  generation  since.  Every 
attempt  at  investigation  only  brings  fresh  problems 
to  the  light,  and  very  frequently  upsets  current 
solutions  of  old  ones.  Fortunately,  however,  the 
more  clearly  we  see  what  we  do  not  know,  the  more 
certain  we  are  to  make  sure  of  what  we  do;  and 
though,  in  Hibernian  phraseology,  we  may  seem  for 
the  while  to  be  advancing  backwards,  all  scientific 
discussion  contains  the  germ  of  progress. 
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ANNUAL  MEETING. 


ADDRESS  BY  REV.  PREBENDARY  HEDGELAND,  MA. 
To  THE  General  Meeting,  November  4th,  1892. 

(ModiJUd/rom  the  **ComUh  Telegraph.") 


The  Rev.  Chairman,  in  a  few  opening  remarks,  said :  It  was 
unfortunate  that,  out  of  the  three  last  Annual  Meetings,  they  had 
been  obliged  to  hold  two  in  the  absence  of  their  President, 
and  they  all  regretted  the  cause  which  prevented  Lord  St.  Levan 
from  being  present  that  afternoon.  He  did  not  know  that  his 
Lordship  pretended  to  a  great  deal  of  geological  knowledge,  but 
had  he  been  present  they  would  have  been  sure  of  hearing  a 
pleasant  address,  from  one  who  knew  how  to  speak  on  every 
occasion,  and  whose  words  were  always  acceptable.  He  really 
had  nothing  to  say,  but  might  mention  that  letters  of  apology 
had  been  received  from  Mr.  Howard  Fox,  who  at  that  very 
time  was  engaged  in  scientific  researches  in  his  own  neigh- 
bourhood with  gentlemen  of  considerable  scientific  knowledge ; 
and  also  from  Mr.  F.  Holman,  who  had  been  a  regular  attendant 
at  the  Society's  meetings.  In  the  course  of  the  proceedings 
they  would  have  before  them  a  subject  which  had  been  mentioned 
at  the  last  meeting,  and  which  might  tend  to  do  something 
towards  the  revival  of  interest,  not  only  in  that  Society,  but 
in  some  of  the  other  leading  scientific  societies  in  the  county. 
That  some  revival  was  needed  they  would  all  be  prepared  to 
admit.  While  they  were  thankful  to  observe  the  great  array 
of  presents  which  came  to  them  from  all  parts  of  the  world, 
testifying  to  the  interest  taken  in  the  Society  by  those  who  had 
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at  one  time  been  connected  with  it,  it  must  be  acknowledged 
that  the  practical  work  of  the  Society  in  the  neighbourhood  had 
not  been  very  great  for  some  time  past,  and  if  any  scheme  of 
amalgamation  should  be  adopted  which  might  bring  the  societies 
into  closer  contact,  he  hoped  it  would  tend  to  the  furtherance  of 
the  interests  of  alL  He  understood  Mr.  W.  Bolitho  had  prepared 
some  few  notes  bearing  upon  the  past  history  of  the  Society,  and 
he  would  now  ask  him  to  read  them. 

Mr.  W.  Bolitho  read  the  following : 

Founded  in  1814,  the  Royal  Greological  Society  of  Cornwall 
has  been  presided  over  by — 

1814-1840.  Davies  Giddy,  afterwards  Gilbert,  p.r.8. 

1840-1868.  Sir  Charles  Lemon,  Bart. 

1858-1863.  Augustus  Smith. 

1863-1868.  Charles  Fox. 

1868-1871.  H.  S.  Tremenheere. 

1871-1879.  Sir  Warington  Smyth. 

1879-1881.  A.  P.  Vivian. 

1881-1883.  Right  Hon.  L.  C.  Courtney. 

1883-1890.  Sir  Warington  Smyth. 

1890-1892.  The  Lord  St.  Levan. 

1892-1894.  Howard  Fox. 

In  1831  the  King  (William  IV.)  took  the  Society  under  his 
patronage,  and  since  then  it  has  borne  the  prefix  "  IloyaL" 

The  earlier  Patron  was  Lord  de  Dunstanville,  whose  represen- 
tative is  a  member,  and  subsequently  the  names  of  the  successive 
Lords  Warden  of  the  Stannaries  were  added. 

Her  Mi\jesty  is  pleased  to  act  as  Patroness;  H.R.H.  the  late 
Prince  Consort  manifested  great  interest  in  its  welfare;  and 
H.R.H.  the  Prince  of  Wales  is  Vice-Patron. 

Amongst  the  office-bearers  are  the  well-known  names  of  Paris, 
Forbes,  Boase,  Giddy,  I^  Grice,  Carne,  Henwood,  Barham,  Pearce, 
Kingston,  Hocking,  Couch,  Ross;  the  present  officials  being 
Bolitho,  MiUett,  and  Ross.  In  1815,  there  were  136  members, 
in  1891,  66.  In  1815,  18  honorary  members;  in  1891,  25.  In 
1815,  three  associate  members;  in  1891,  15.  In  1891,  eight  life 
members. 
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For  many  years  the  Society  occupied  premises  in  North  Parade. 
In  1867  it  took  possession  of  the  freehold  premises  as  at  present 
occupied,  and,  thanks  to  the  liberality  of  the  members,  free  from 
debt,  with  the  exception  of  £500,  which  the  late  Miss  E.  J.  Game 
most  kindly  advanced,  in  consideration  of  receiving  a  life  annuity 
of  £20.  At  her  regretted  death  the  annuity  ceased,  and  it  is 
now  entirely  free  from  debt  The  total  cost  of  the  new  premises 
amounted  to  about  £3,450. 

The  small  income  of  the  Society  has  been,  and  continues  to 
be,  devoted  to  uses  connected  with  the  objects  for  which  it  was 
established. 

The  Library  is  continually  receiving  additions,  and  much  care 
has  been  bestowed  on  the  contents  of  the  Museum. 

The  TransiKiions  continue  to  be  held  in  high  esteem. 

A  considerable  legacy  was  bequeathed  by  the  late  Mr.  Leng, 
which,  however,  became  void  under  the  provisions  of  the  Mort- 
main Act,  but  the  Society  is  now  in  the  enjoyment  of  the  income 
derived  from  a  legacy  of  £1500,  under  the  will  of  the  late  Rev. 
John  Came,  who  acted  as  Librarian,  by  whose  early  death  it  was 
deprived  of  a  most  valuable  and  valued  officer.  The  income 
referred  to  is  devoted  to  the  payment  of  the  salary  of  the  Curator, 
who  is  giving  much  time  and  attention  to  the  Library  and 
Museum. 

The  Science  School  now  occupies  its  own  spacious  premises; 
but  in  earlier  days  a  Laboratory  was  established,  and  the  lectures 
given  in  the  rooms  on  the  basement  storey  of  this  house,  the 
Council  being  only  too  happy  to  extend  the  right  hand  of  friend- 
ship to  an  institution  which  has,  by  the  efiforts  of  the  teachers  and 
the  diligence  of  the  pupils,  achieved  a  great  measure  of  success. 

It  would  be  a  work  of  supererogation  to  advert  to  the  changes 
of  all  kinds  which  have  taken  place  since  1814. 

The  centripetal  force  exercised  by  London  and  other  large 
centres  affects  all  local  societies;  nevertheless  the  Royal  Corn- 
wall CJeological  Society  rejoices  in  the  hereditary  support  of 
the  descendants  in  the  third  and  fourth  degree  of  its  founders 
and  early  supporters ;  and  it  is  hoped  that,  under  some  form 
or  other,  a  long,  and  even  extended  career  of  usefulness  awaits  it. 
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It  is  a  pleasing  duty  to  keep  green  the  memories  of  those 
to  whom  so  much  is  owed.  The  long  roll  of  its  benefactors, 
as  already  referred  to,  includes  names  which  still  live  in  the 
affections  of  Cornishmen;  but  special  reference  ought  to  be 
made  to  the  well-nigh  irreparable  loss  the  Society  has  sustained 
by  the  death  of  its  honoured  President — who  died  in  harness — 
Sir  Warington  Smyth. 

Learned  amongst  the  learned,  with  an  imlimited  amount  of 
practical  wisdom  and  experience,  he  took  an  unflagging  interest 
in  the  Society's  welfare.  To  the  members  he  was  endeared  by 
unfailing  courtesy  and  consideration,  always  ready  to  draw  on 
the  well-nigh  inexhaustible  stores  of  his  mind  on  their  behalf, 
whilst  the  natural  kindliness  and  simplicity  of  his  character 
rendered  the  privilege  of  his  society  entirely'  free  from  sense 
of  oppression  which  sometimes  characterises  intercourse  between 
greater  and  lesser  lights.      Sit  et  terra  levis. 

Some  years  ago  Lord  St.  Levan  advocated  an  amalgamation 
of  the  county  scientific  societies  for  certain  purposes.  He  re- 
ferred to  it  again  in  his  last  year's  address.  Since  the  matter 
was  first  mooted  difficulties  which  seemed  well-nigh  insurmountr 
able  have  disappeared,  and  there  is  now  a  hope,  amounting 
almost  to  confidence,  that  means  may  be  devised  whereby,  whilst 
the  independence  of  each  society  will  be  maintained,  they  may 
be  able  to  unite  in  offering  attractive  exhibitions  which  shall 
have  a  tendency  to  promote  the  interests  they  have  in  view, 
and  the  welfare  of  the  respective  institutions. 

The  much-to-be-regretted  cause  of  the  President's  absence  is 
the  raison  d'etre  of  this  little  resumS  of  the  Society's  history 
being  read,  and  I  am  sure  that  every  one  present  will  join  in 
expressing  the  hope  that  medical  skill  may  achieve  the  complete 
restoration  of  his  eyesight. 


REPORT  OF  THE  COUNCIL. 


In  presenting  their  Seventy-ninth  Annual  Report  the  Council 
have  the  satisfaction  of  congratulating  the  members  upon  the 
increased  interest  taken  in  the  welfare  of  the  Society  during 
the  past  twelve  months,  as  exemplified  in  the  varied  and  valuable 
specimens  from  far  and  near  from  members  and  friends.  A 
detailed  list  of  these  additions  to  your  Museum  will  be  found  in 
the  report  of  your  Curator. 

Mr.  Collins  has  lately  been  making  an  examination  of  the 
Cornish  fossils  in  your  lower  Museum,  and  has  brought  some 
hidden  treasures  to  light. 

To  your  Library,  again,  numerous  additions  have  been  made, 
by  presentation  or  purchase,  as  the  Report  of  your  Librarian 
will  more  particularly  set  before  you.  Ailditional  shelf  room 
having  been  provided,  a  complete  re-arrangement  of  the  Library 
has  been  undertaken,  and  is  at  this  time  concluded. 

In  consequence  of  the  suggestion  as  to  the  Amalgamation  of 
the  County  Societies,  put  forth  by  the  President  in  his  address  at 
the  last  Annual  Meeting,  a  Sub-committee  was  formed,  and 
the  matter  was  very  carefully  considered,  with  the  result  that 
at  the  rooms  of  the  Royal  Institution  of  Cornwall,  Truro,  on 
the  30th  September,  1892,  a  meeting  was  held  of  members  of  the 
Royal  Geological  Society  of  Cornwall,  the  Royal  Institution  of 
Cornwall,  the  Royal  Polytechnic  Society,  and  the  Mining 
Association  and  Institute  of  Cornwall — Major  Parkyu  in  the  chair 
— when  the  following  resolution  was  unanimously  passed  : 

"In  the  opinion  of  this  Meeting  it  is  desirable — without 
interfering  with  the  individuality  of  the  several  County  Societies, 
or  of  their  respective  Annual  Meetings — that  an  effort  should 


404      Royal  Geological  Society  of  Cornwall. 

be  made  to  bring  about  a  closer  connection  between  them,  and  to 
increase  public  interest  in  their  proceedings. 

"With  this  view  it  is  suggested  that  a  joint  Meeting  of 
these  Societies  be  convened  each  year  in  the  several  towns 
alternately,  on  the  occasion  of  the  Annual  Meeting  of  the  Society, 
which  would  customarily  be  held  in  such  town. 

"  It  is  suggested  that — if  the  foregoing  meet  with  the  approval 
of  the  several  Societies — they  send  representatives  to  a  joint 
Committee  with  authority  to  make  the  necessary  arrangements, 
and  that  such  Committee  hold  its  first  Meeting  at  the  Royal 
Institution,  Truro,  on  Friday,  the  2nd  December  next>  at 
3.30  p.nL" 

The  Council  beg  to  recommend  to  the  consideration  of  the 
Meeting  the  proposed  amalgamation  of  the  County  Societies 
for  certain  definite  purposes,  and  the  election  of  representatives  to 
attend  the  meeting,  to  be  held  at  Truro,  on  the  2nd  December 
next — it  being  understood  that  the  election  of  representatives, 
and  the  consideration  of  the  subject  generally,  be  left  to  the 
decision  of  the  Council. 

Our  Obituary  List  is  happily  short  this  year. 

Amongst  honorary,  life,  and  ordinary  members  there  are  no 
losses  to  record.  An  associate  has,  however,  been  somewhat 
suddenly  removed  by  death  during  the  last  few  days — Captain 
James  Bennetts,  of  Pendeen,  one  of  the  veterans  amongst  St.  Just 
Mine  Agents,  and  a  thoroughly  practical  miner.  He  died  on 
26th  ult.,  aged  69  years. 

The  Council  now  desire  to  recommend  for  election,  as  ordinary 
members,  Mr.  J.  £.  Jennings,  of  Harewood,  Melmoth,  Zululand ; 
Mr.  Percy  Chirgwin,  and  the  Venerable  Archdeacon  Michell, 
of  Penzance ;  and  Sir  Walter  Trevelyan,  Bart.,  of  Nettlecombe 
Court,  Taunton. 

GEORGE  BOWN  MILLETT, 

Secretary  and  OurtUor, 
Penzance,  ith  NoveTriber,  1892. 


LIBRARIAN'S    REPORT 

From  NoTtmlwr  ltd,  1801,  to  Ootobor  Sltt»  1802. 


The  following  works  have  been  added  to  the  Library  during  the 
year : 

I.    TRANSACTIONS,  JOURNALS,  AND  REPORTS. 

Presented  by  the  respective  Societies^  Editors,  and  other  Ikmors, 

or  Purchased. 

Adelaide.     South  Australian  School  of  Mines  and  Industries,  and 
Technological  Museum. 
Third  Annual  Report,  1891.  8vo.     Adelaide,  1892. 

Australasian  Association  for  the  Advancement  of  Science. 

Report  of   the  Third  Meeting,  held  at  Christchurch,  New 
Zealand,  in  January,  1891. 

8vo.     Wellington,  New  Zealand,  1891. 

Boston.     American  Academy  of  Arts  and  Sciences. 

Proceedings:    New  Series,  vol.  xviii.  May,  1890,  to  May, 
1891.  Roy.  8vo.     Boston,  1891. 

BnstoL     Naturalists'  Society. 

Proceedings :  New  Series,  vol.  viL,  part  1,  1891-92. 

8vo.     Bristol,  1892. 
List  of  Oflficers,  &c.  8vo.     Bristol,  1892. 

Brussels.     Soci^t^  Royale  Malacologique  de  Belgique. 

Procis-verbal :  Vol.  xix.,  pp.  89-116,  Sept  to  Dec,  1890. 

„    XX.,  pp.  1-56,  Jan.  to  June,  1891. 

8vo.     Bruxelles,  1890-91. 
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Cambridge.     The  Library  Syndicate. 

Thirty-seventh  Report,  year  ending  Dec.  31,  1890. 

4to.     Cambridge,  June  10,  1891. 

Thirty-eighth  Report,  year  ending  Dec.  31,  1891. 

4to.     Cambridge,  May  25,  1892. 

Canada.     Canadian  Institute,  Toronto. 

Transactions :  Vol.  ii.,  part  1,  Oct,  1891. 

Roy.  8va     Toronto,  1891. 

Transactions :  voL  ii.,  part  2,  April,  1892. 

Roy.  8vo.     Toronto,  1892. 

Annual  Arch^dological  Report  and  Canadian  Institute.  (Session 
1891.)  Being  an  Appendix  to  the  Report  of  the  Minister 
of  Education,  Ontario.  Roy.  8vo.     Toronto,  1891. 

An  Appeal  to  the  Canadian  Institute  on  the  Rectification  of 
Parliament     By  Sandford  Fleming. 

Roy.  8vo.     Toronto,  1892. 

.     Geological  and  Natural  History  Survey. 

Annual  Report  for  the  years  1888-89. 

New  Series,  vol.  iv.  Roy.  8vo.     Montreal,  1890. 

Annual  Report  for  the  years  1888-89. 

New  Series,  vol.  iv.,  parts  D  and  N,  including  maps.     By 
A.  R.  C.  Selwyn.  8vo.     Ottawa,  1891. 

Contributions  to  Canadian  Micro-Palaeontology,  vol.  i.,  part  3. 
By  Prof.  T.  Rupert  Jones.    Roy.  8vo.     Montreal,  1891. 
Vol.  i.,  part  4.     By  Dr.  D.  RUst 

Roy.  8vo.     Ottawa,  1892. 

Cincinnati.     Society  of  Natural  History. 

Journal :  VoL  xiv..  No.  1,  April,  1891. 

8vo.     Cincinnati,  1891. 

Journal:  VoL  xiv..  No.  2,  July,  1891. 

8vo.     Cincinnati,  1891. 

Journal;  VoL  xiv.,  Nos.  3,  4,  Oct,  1891,  to  Jan.,  1892. 

8vo.     Cincinnati,  1892. 

Journal:  Vol.  xv..  No.  1,  April,  1892. 

8vo.     Cincinnati^  1892. 

Journal :  VoL  xv.,  No.  2,  July,  1892.    (Including  Index  to 
voL  xiv.)  8vo.     Cincinnati,  1892. 
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Colorado.     Scientific  Society. 

Proceedings:  VoL  iii.,  part  3,  1890.     8vo.    Denver,  1891. 

(Including  Title-page  and  Index  to  voL  iii.,  1888-90.) 
Proceedings  (in  2  pamphlets). 

1.  On  the  Ore-deposits  of  Newman  Hill,  near  Rico,  Colorado. 

By  John  B.  Farish  (with  map).    Kead  April  4,  1892. 

2.  The  Nature  of  the  Chemical  Elements.     Fourth  Paper. 

By  Charles  Skeele  Palmer.     Read  May  2,  1892. 

8vo.     Denver,  1892. 
Proceedings:    Report   on   the    Technical  Determination   of 

Zinc.  8vo.     Pueblo,  June  11,  1892. 

Transactions :  Paper  on  "  The  Present  Limitations  of  Electric 
Power  in  Mining,"  by  Irving  Hale  (with  map).  Read 
Feb.  1,  1892.  8vo.     Denver,  Colorado,  1892. 

Dorpat.     Dorpater  Naturforscher — Gesellschaft 

Sifczungsberichte  :  Band  ix.,  heft  3.      8vo.     Dorpat,  1892. 
Schriften  :  vi.,  Die  Verwandtschdftsverhaltnisse  der  Arthropo- 
den.    Von  Dr.  J.  V.  KenneL       Roy.  8vo.     Dorpat,  1891. 

Dublin.     Royal  Dublin  Society. 

Scientific   Proceedings :  New  Series,   vol.  vii,  parts   3,   4, 

March  and  June,  1892.  8vo.     Dublin,  1892. 

Scientific  Transactions :  Series  ii.,  voL  iv.,  parts  9-13,  July 

to  Dec.  1891.  4to.  .  .  .  Dublin,  1891. 

Edinburgh.     Geological  Society. 

Transactions:  Vol.  vi.,  part  3.     8vo.  .  .  .  Edinburgh,  1892. 

Edinburgh.     Royal  Society  of  Edinburgh. 

Proceedings:  VoL  xviii.,  November,   1890,  to  July,   1891. 

8vo.     Edinburgh,  1892. 

Falmouth.     Royal  Cornwall  Polytechnic  Society. 

Fifty-ninth  Annual  Report,  8vo.  Falmouth,  1891. 

Halifax.     Geological  and  Polytechnic  Society  of  the  West  Riding 
of  Yorkshire. 
Proceedings:  Vol.  xii.,  part  1.  8vo.     Halifax,  1892. 

Havre.     Soci^t^  Geologique  de  Normandie. 

Bulletin  :  Tome  xiiL     Annies.     1887-88-89. 

Royal  8vo.     Havre,  1 890. 
[Including  large   map.      Carte   Geologique   du   Canton    de 
Domfront     (Orne)  par  J.  Skrodzki.] 
VOL.  XI.  2  F 
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India.     Geological  Survey  of  India. 
PalsBontologia  Indica : 

Waagen     (Dr.     Wm.),     Salt-Range    Fossils     (Geological 

Results.) 
[Series  xiii.,  vol.  iv.,  part  2.     Plates  i.-viii.] 

4to.     Calcutta-London,  1891. 
Index  to  the  Genera  and  Species  described  up  to  the  year 
1891.     By  W.  Theobald. 

4to.     Calcutta-London,  1892. 
Memoirs :  Vol.  xxiii. 

Griesbach :  Geology  of  the  Central  Himalayas. 

Imperial  8vo.     Photos,  etc.     Calcutta-London,  1891. 
Contents  and  Index  to  the  First  Twenty  Volumes,  1859  to 
1883.     By  W.  Theobald.     Royal  8vo.     Calcutta,  1892. 
Records :  VoL  xxiv.,  part  4,  1891. 

Royal  8vo.     Calcutta,  1891. 
(Including  Title  Page  and  Contents  of  vol.  xxiv.) 

VoL  XXV.,  parts  1-3,  1892. 

Royal  8vo.     Calcutta,  1892. 

Leicester.     Literary  and  Philosophical  Society. 

Transactions :    New    Quarterly    Series.      Vol.    ii.,    part   9, 

October,  1891.  8vo.     Leicester,  1891. 

Vol.  ii.,  parts  10,  11,  January  and  April,  1892. 

Svo.     Leicester,  1892. 

Liverpool.     Engineering  Society. 

Transactions :  Vols.  xii.  xiii. 

Report,  List  of  Members,  etc.,  1891-92. 

8vo.     Liverpool,  1891-92. 
— - — .     Geological  Association. 

Journal:  Vol.  xi..  Session  1890-91.     8vo.    Liverpool,  1891. 

London.     British  Association  for  the  Advancement  of  Science. 
Report  of  the  Sixty-first  Meeting,  held  at  Cardiff  in  August^ 
1891.  8vo.     London,  1892. 

.     Geological  Society  of  London. 

List.  .  .  .  November  2nd,  1891.        8vo.     London,  1891. 
Quarterly  Journal : 

Vol.  xlvii.,  part  4,  No.  188,  November  2nd,  1891. 
Vol.    xlviii.,    parts    1-3,    Nos.    189-91,   February,    May, 
August,  1892.         Svo.     London,  1891-92. 
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Geologists'  Association. 

Proceedings:  VoL  xii.,  parts  5-8,  November,  1891-July, 
1892.  8vo.     London,  1891-92. 

London,  Edinbn^h,  and  Dublin  Philosophical  Magazine. 

Series  v.,  voL  xxxiL,  Nos.  198-199,  November  and  December, 
1891. 

Series  v.,  vol  xxxiii.,  Nos.  200-205,  January-June,  1892. 
Series  v.,  voL  xxxiv.,  Noe.  206-209,  July-October,  1892, 

8vo.     London,  1891-92.    Purehcuetl 

-.     PalsBontographical  Society. 

VoL  xlv.  for  1891.  4to.     London,  1891.     Purchased. 

-.     Royal  Society. 

Proceedings  :  VoL  L,  Nos.  303-307.     Jan.  to  May,  1892. 

„     11,    „    308-314.     June  to  Oct.,  1892. 

„     lii   „     315     Oct  21,  1892. 
Exchange  List.     August^  1892.  8vo.     London,  1892. 

-.     Society  of  Chemical  Industry. 

Journal:  VoL  x.,  Nos.  10-12,     Oct.  to  Dec,  1891. 

Imp.  8vo.     London,  1891. 

-.  Mines.  Report  of  C.  Le  Neve  Foster,  H.  M.  Inspector  of 
Mines  for  the  North  Wales  and  Isle  of  Man  District,  year 
1891.     Metalliferous  and  Slate  Mines  Acts. 

Folio.     London,  1892. 
[Presented  by  Dr.  C.  Le  Neve  Foster.] 

List  of  the  Plans  of  Abandoned  Mines,  deposited  in  the 
Home  Office  under  the  Coal  and  Metalliferous  Mines 
Regulation  Acts.     Corrected  to  31st  December,  1891. 

Folio.     London,  1892. 
Manchester.     Geographical  Society. 

Journal:  VoL  vi,  Nos.  10-12,  Oct  to  Dec,  1890.  (With 
Index  to  VoL  V)  8vo.     Manchester,  1891. 

Journal :  VoL  vii.,  Nos.  1-9.     Jan.  to  Sept,  1891 

8vo.     Manchester,  1892. 
.     Geological  Society. 

Transactions:  VoL  xxL,  parts  11-20. 

8vo.     Manchester,  1891-92. 
2  F  2 
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Minnesota.     Academy  of  Natural  Sciences. 

Bulletin  :  VoL  iii..  No.  2.  8vo.     Minneapolis,  1891. 

Netherlands — India.  Jaarboek  van  het  Mijnwezen  in  Neder- 
landsch  Oost-Indie  Uitgegeven  op  last  van  Zyne  Excellentie, 
den  Minister  Van  Kolonien.  2l8t  year  1892.  Technisch- 
Administratief-en  Wetenschappelijk  Gedeelte. 

8vo.     Amsterdam,  1892. 

Newcastle-upon-Tyne.     North   of  England   Institute   of  Mining 
and  Mechanical  Engineers. 
Transactions  :  VoL  xxxviiL,  part  6.     (Title  Pages,  Contents, 

etc.) 
Transactions  :  Vol.  xL,  parts  2-4.     July  to  Dec.,  1891. 
„  „     xlL,  parts  1-4.     March  to  Aug.,  1892. 

Roy.  8vo.     Newcastle-upon-Tyne,  1891-92. 
Report,  1890-91.       Roy.  8vo.     Newcastle-upon-Tyne,  1891. 

New  South  Wales.     Royal  Society  of  New  South  Wales. 

Journal  and  Proceedings :  VoL  xxv.  (including  index).    1891. 

8vo.     Sydney,  1892. 

New  York.     American  Geographical  Society. 

Bulletin :  VoL  xxiiL,  No.  4  parts  1,  2.     1891.     (Including 

Lists  and  Titlepage  for  VoL  xxiiL) 
Bulletin  :  VoL  xxiv.,  Nos.  1-3.     March,  June,  and  Sept., 
1892.  8vo.     New  York,  1891-92. 

.     New  York  Academy  of  Sciences  (late  Lyceum  of  Natural 

History. 
Annals :  VoL  v.,  extra  Nos.  1-3.     Feb.  1891. 

8vo.     New  York,  1891. 
[Contents.    Whitfield's  (R  P.)    Contributions  to  Invertebrate 

PalflBontology.     Read  Oct.  13,  1890.] 
Annals :  VoL  vL,  Nos.  1-6.     Dec,  1891,  and  May,  1892. 

Roy.  8vo.     New  York,  1891-92. 

New  Zealand.     Department  of  Mines. 

Reports  on  the  Mining  Industries  of  New  Zealand.     1891, 

FoHo.     Wellington,  1891. 

North  Carolina.     Elisha  Mitchell  Scientific  Society. 

Journal :  VoL  viii..  Parts  1,  2.     Jan.  to  Dec,  1891. 

8vo.     Raleigh,  N.C.,  1891-92. 
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Nova  Scotia.     InBtitute  of  Natural  Science. 

Proceedings  and  Transactions  :  VoL  vii.,  Part  4.     1889-90. 
Proceedings  and  Transactions  (Second  Series):  VoL  L,  Part  1. 
Session  of  1890-91.  8vo.     HaUfax,  N.S.,  1890-91. 

Paris.     Ecole  des  Mines. 

Annales  des  Mines :  S^rie  viii,  tome  xx.,  liv.  4-6. 

8vo.     Paris,  1891. 
Annales  des  Mines :  S^rie  ix.,  tome   i.,  liv.  1-6. 

8vo.     Paris,  1892. 
Pennsylvania.     Geological  Survey  of  Pennsylvania. 

Atlas,  Western  Middle  Anthracite  Field :  Part  3,  aa,  1889. 

Harrisburg,  1891. 
Atlas,  Southern  Anthracite  Field:  Part  4,  aa,  1889. 

Harrisburg,  1891. 
Atlas,  Southern  Anthracite  Field :  Part  4,  b-aa,  1892. 
„  „  „  „        Part  5,      AA,  1892. 

„  „  „  „        Part  6,      AA,  1892. 

Philadelphia,  1892. 
Atlas  Northern  Anthracite  Field :  Part  6,  aa,  1889. 

Harrisburg,  1891. 
Second  Geological  Survey  of  Pennsylvania :  Report  of  Pro- 
gress, f3,  1888-89.     Report  on  the  Geology  of  the  Four 
Counties  of  Union,  Snyder,  Mifflin,  and  Juniata. 

8vo.     Harrisburg,  1891. 

Penzance.     Natural  History  and  Antiquarian  Society. 

Report  and  Transactions,  1 89 1-92.     8 vo.   Plymouth,  1 892. 

Philadelphia.     Academy  of  Natural  Sciences. 

Proceedings  :  Parts  2,  3,  April  to  Dec,  1891. 
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[Presented  by  the  Author.] 


CURATOR'S  REPORT. 


Thb    following    specimens    have    been    added   to   the   Society'0 
Collections : 

NAMB  AND   LOOALITT. 


Specimen  of  grey  chalk,  through  which 
the  Channel  Tunnel  would  be  made,  • 
taken  from  heading  near  Dover. 


DONOR. 

(  Sir  Edward  Watkin, 
Bart.,  M.P.,  Presidents 
of  the  Channel  TunneX 
Company. 


Fossil  Sharks'  Teeth,  from  Cheltenham,  v 
West  Melbourne,  Australia;  and 
Asbestos,  from  near  the  surface  of  an 
outcrop  of  Serpentine  about  12  miles 
from  the  Broken  Hill  Silver  Lode, 
Western  Territory  of  New  South 
Wales,  Australia. 

Specimens  of  Coal,  from  Neath  Abbey 
Colliery,  South  Wales  (2  packages). 

Seven  Specimens  of  Grold  -  bearing 
Quartz,  from  Melmoth,  Zululand. 

Five  Limonites,  Iridescent. 
Two    Limonites,    enclosing    Vegetable 
Remains, 

from  Rio  Tinto  Mines,  Spain. 

A  Collection  of  Minerals  and  Fossils.  . 

Gold-bearing  Iron-stone,  and  Iridescent 
Iron  Ore,  from  Mount  Morgan, 
Queensland. 

Gold-bearing  Quartz,  and  Samples  of 
enclosing  rock  of  lodes,  from  the 
New  Morgan  Gold  Mine,  Dolgelly, 
North  Wales. 


Mr.  William  Nicholas, 
Melbourne. 


} 


Mr.  Richard  Boyns, 
Boswedden,  St.  Just. 

Mr.  T.  B.  Jennnings 
Harewood,  o.icc » 
Melmoth,   Zululand. 

James    Osborne,    £sq.» 

F.QB. 

Miss  Winter-Jones. 
Mr.  W.  H.  Julyan. 


Mr.       W.       Pritchard 
Morgan,  ic.p. 
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LIST  OF  PAPERS  READ  AT  THE  ANNUAL  MEETING, 

November  4th,  1892. 


1.  A  Working  List  of  the  Palaoozoic  Fossils  of  Cornwall.     By 
J.  H.  Collins,  F.o.s. 

2.  The  Age  and  History  of  the  Granites  of  Devon  and  Cornwall. 
By  R.  N.  Worth,  f.g.s. 

3.  Calamine  Deposits  of  the  Mendip  HiUs. 

4.  Cader  Idris  Notes.    By  Francis  J.  Stephens. 


A  WORKING  LIST  OP  THE  PALJIOZOIC 
FOSSILS  OP  CORNWALL. 

By  J.  H.  CoLUNS,  F.G.S. 

(RMd  4tb  Norember,  18M.) 


L    INTRODUCTION. 

The  rocks  of  Cornwall  were  supposed  to  be  un- 
fossiliferous,  long  after  fossils  had  been  found  in 
the  limestones  and  slates  of  South  Devon,*  and  it 
was  not  until  the  year  1830  that  Dr.  Boase,  in  a 
note  appended  to  his  "  Contributions  towards  a 
Knowledge  of  the  Geology  of  Cornwall,"  admitted  the 
existence  of  fossils  in  the  Tintagel  slates. t  A  few 
years  later  Sir  Henry  De  la  BecheJ  was  able  to  give 
a  considerable  list  of  fossils  from  the  limestones 
and  slates  of  South  Petherwyn,  on  the  authority 
of  Prof.  Phillips,  Mr.  HoU,  and  Mr.  S.  R.  Pattison ; 
and  many  of  these  were  figured  by  Phillips  in  his 
classical  work  a  few  years  later.  § 

^  Playfair  was  the  first  to  notice  the  existence  of  organismt  in 
the  Plymouth  rocks.  (Illustrations  of  the  Huttonian  Theory ,  p.  164, 
1803.) 

t  Trans,  Royal  (ho,  Soc.  Com.,  iv.,  p.  474,  1831. 

X  Report  on  the  Oeology  of  Comvxill,  dkc,  1839. 

§  Palaozoie  Fossils  of  Cornwall,  dtc,  1841. 
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Up  to  this  time,  though  the  rocks  of  Devon  had 
yielded  a  large  number  of  fossils,  few  were  known 
in  Cornwall,  except  from  the  neighbourhood  of 
South  Petherwyn  and  the  other  North-east  Cornwall 
localities;  but  in  the  year  1841  Sir  Chas.  Lemon, 
in  his  Presidential  address  to  this  Society,  called 
attention  to  the  good  work  done  by  Mr.  C.  W.  Peach, 
a  coast  guardsman  stationed  on  the  south  coast, 
who  had  discovered  fossils  at  many  points  between 
Looe  and  the  Black  Head,  as  well  as  inland  near 
Bodmin.  The  next  year  Sir  Charles  drew  attention 
to  "the  promulgation  of  the  Devonian  System," 
by  Sedgwick  and  Murchison,  which,  according  to 
those  authors,  had  "removed  the  whole  of  the 
Devonian  and  Cornish  rocks  to  a  position  superior  to 
the  Silurian  System,  its  place  inferior  to  which 
had  never  been  disputed,  even  as  late  as  1836, 
when  Sir  Henry  De  la  Beche's  abstract  was  read 
before  the  Geological  Society." 

This  conclusion  was  no  sooner  reached  by  these 
distinguished  authors  than  evidence  began  to  be 
obtained  tending  to  upset  it,  for  in  that  same  year 
Mr.  Peach  presented  a  series  of  fossils  from  the 
quartzites  of  Gorran  Haven,  which  were  at  once 
pronounced  to  be  Lower  Silurian.*  All  subsequent 
discoveries  and  determinations  have  confirmed  Mr. 
Peach's  first  statements  and  conclusions  on  this 
important  series  of  beds. 

♦  The  paper  accompanying  these  fo^iails  was  **  On  the  Geology  of 
part  of  the  Pariah  of  Gorran,**  by  C.  W.  Peach,  and  it  appeared, 
the  first  of  an  important  series,  in  the  fourth  volume  of  this  Society's 
Transactions, 
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The  same  year  Mr.  Henry  Thomas,  of  Falmouth, 
described  certain  organic  remains  from  the  rocks 
of  Veryan,  and  Mr.  Jonathan  Couch  presented  a  fossil 
coral  in  slate  from  Polperro  to  the  Society's  Museum. 

Next  year  (1842)  Messrs.  Peach*  and  Couch 
presented  specimens  of  fossil  fish  from  Polperro 
and  other  localities,  and  Mr.  N.  Whitley,  of  Truro, 
presented  fossils  from  Padstow,  Polruan,  and  Gerrans 
Bay.  Mr.  Peach  also  read  an  interesting  "  Account 
of  the  Fossil  Organic  Remains  found  on  the  South-east 
coast  of  Cornwall  and  in  other  parts  of  the  County," 
in  which  he  gave  detailed  particulars  of  many  fossil 
localities.  In  1843  he  read  another  paper,  which 
was  accompanied  by  a  remarkable  list  of  fossils 
provisionally  identified  from  the  various  localities, 
and  by  a  map  shewing  nearly  the  whole  of  the 
county  to  be  fossiliferous  as  far  west  as  Truro. 

In  1845  Mr.  Peach  announced  the  discovery  of 
vegetable  remains  in  the  Cornish  rocks,  and  also 
presented  a  specimen  of  limestone  from  Porth  Luney, 
which  contained  numerous  specimens  of  Orthoceras 
cylindraceum.  About  the  same  period  Mr.  Jonathan 
Couch  read  a  paper  **  On  the  cause  of  the  red  colour 
in  the  Fossiliferous  Rocks  in  the  neighbourhood  of 
Looe,"  in  which  he  attributed  this  to  colouring 
matter  derived  from  the  numerous  encrinites 
existing  in  the  seas  in  which  the  rocks  were  laid 
down.      Mr.    R.   Q.   Couch  also   read   a  paper  and 


*  Mr.  Peach  had  already  announced  the  discovery  of  fish  remains 
in  the  rocks  of  South-east  Cornwall,  as  early  as  1841,  in  a  communication 
to  the  British  Association. 

2  Q 
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furnished  a  "  Report  on  the  Fossil  Geology  of 
Cornwall,"  in  which  he  reviewed  Mr.  Peach's 
labours,  and  urged  that  the  whole  fossiliferous  series 
was  of  the  age  of  the  Old  Red  Sandstone  or  upper- 
most Silurian,  and  superior  to  the  Silurian  of  Sir  R. 
Murchison. 

Other  palaeontological  papers  were  read  to  the 
Society  in  the  following  year  by  Mr.  S.  R.  Pattison, 
"  On  the  Carboniferous  System  in  Cornwall " ;  Mr. 
R.  Q.  Couch,  "On  the  Fossil  Corals  of  Cornwall," 
a  most  valuable  paper ;  and  Mr.  C.  W.  Peach.  Sir 
Roderick  Murchison  also  furnished  the  President 
with  "A  brief  Review  of  the  Classification  of  the 
Sedimentary  Rocks  of  Cornwall,"  in  which  he  fully 
admitted  the  existence  of  Lower  Silurian  fossils 
in  the  county.  All  the  papers  just  mentioned, 
with  many  others,  were  published  in  the  sixth 
volume  of  the  Society's  Transactions^  embracing 
the  period  from  1841  to  1846. 

In  the  next  volume,  which  covered  the  period  from 
1847  to  1863,  the  \i|>rk  was  carried  on  by  the  same 
industrious  and,  I  think  I  ought  to  say,  illustrious 
band  of  explorers,  whose  ranks  were  then  reinforced 
by  the  accession  of  Mr.  Pengelly,  now  and  for 
many  years  a  F.R.S.,  and  Mr.  Giles.  This  volume 
is  full  of  Cornish  Palaeontology,  no  fewer  than  29 
papers,  illustrated  by  several  admirable  plates,  being 
devoted  to  that  subject,  besides  many  very  interest- 
ing notices  contained  in  the  President's  addresses  and 
the  Curator's  reports.  The  collections  made  by  Mr. 
Giles  and  Mr.  Peach  were  purchased  for  the  Society, 
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and  large  numbers  of  most  valuable  specimens  were 
presented  by  other  collectors,  so  that  the  whole 
number  of  Cornish  fossils  in  the  Museum  was  esti- 
mated to  be  not  less  than  6,000  in  the  year  1861, 
when  Mr.  Couch  announced  the  commencement  of  an 
illustrated  catalogue.  But  his  labours  were  cut  short 
by  death.  Most  of  the  other  workers  were  also 
removed,  some  by  the  same  resistless  hand,  others  by 
the  exigencies  of  business ;  and  the  work  of  dis- 
interring and  interpreting  these  records  of  past  life 
came  almost  to  a  standstill  for  a  quarter  of  a 
century. 

In  the  meantime,  and  until  the  Society's  new 
premises  were  completed,  the  fossils  could  only  be 
stowed  away  in  boxes  and  drawers,  so  that  they 
were  not  available  for  study;  consequently  the 
succeeding  volumes  of  the  Transactions,  valuable  as 
they  are  with  reference  to  our  mineral  deposits,  are 
almost  devoid  of  the  results  of  Palaeontological 
research.*  However,  a  few  new  fossil  localities  have 
been  discovered  in  the  interval,  while  many  of  the 
fossils  of  East  Cornwall  have  been  shewn  to  be 
identical,  or  nearly  so,  with  others  found  in  North  or 
South  Devon,  more  particularly  by  the  labours  of 
Davidson,  Pengelly,  and  Whidburne.  The  fish 
remains  first  discovered  by  Mr.  Peach  have  been 
claimed  and  described  as  sponges  by  McCoy,  and 
re -claimed  as  fish  by  Huxley  and  Eay-Lankester ; 

♦  It  will  be  understood  that  my  remarks  refer  only  to  Palaeozoic 
fossils,  Mr.  Fortescue  Millett's  comjmratively  recent  discovery  of 
Pliocene  fossils  at  St.  Erth  marks  an  epoch  in  Cornish  geology. 

2  o  2 
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but  they  are  still  waiting  to  be  worked  out,  a  task  of 
no  small  difficulty,  owing  to  their  extremely  frag- 
mentary condition,  to  the  great  amount  of  distortion 
occasioned  by  the  mechanical  forces  which  have  pro- 
duced slaty  cleavage,  and  to  the  extensive  chemical 
changes  which  have  taken  place  within  the  substance 
of  the  rocks  since  their  consolidation.  Still,  the 
Cornish  fossils  are  now  more  favourably  situated  for 
study  than  ever  before.  Ten  table-cases,  occupying 
the  best  position  in  the  lower  Museum,  have  been  set 
apart  for  their  reception,  and  in  these  they  have  been 
provisionally  arranged  and  partly  labelled  by  the 
labours  of  Professor  Etheridge,  the  late  Mr.  6.  T. 
Bettany,  Messrs.  Kitto,  Taylor,  and  others.  The 
fossils  from  the  beds  of  known  age  have  been 
separated  from  those  which  are  derived  from  beds 
whose  age  is  in  dispute,  and  these  latter  have  been 
grouped  according  to  their  zoological  classes.  It  now 
appears  that  there  are  hundreds  of  specimens  of 
trilobites,  of  crinoids,  and  of  fish  remains,  which  are 
practically  undescribed  and  unstudied. 

I  have  been  lately  trying  to  identify  the  fossils 
presented  to  the  Museum,  and  described  from  time  to 
time  in  the  Society's  Transactions.  The  attempt  has 
been  successful  in  many  instances,  but  not  in  all,  for 
some  important  specimens  are  so  far  not  to  be  found. 
I  am  not  without  hope,  however,  that  all,  or  nearly 
all,  will  ultimately  be  re-discovered,  for  there  are 
still  many  drawers  to  be  searched  for  the  missing 
specimens. 

This  provisional  catalogue,  which  is  the  outcome  of 
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my  own  particular  needs,  will,  I  hope,  in  the  end 
serve  as  a  guide  to  the  Society's  Cornish  PalsBOzoic 
collection,  though  it  will  also  include  a  few  forms 
which  are  only  to  be  found  in  other  collections.  The 
need  for  it  is  the  greater,  because  the  sixth  and 
seventh  volumes  of  the  Society's  Transactions  are 
unfortunately  far  less  accessible  and  far  less  known 
than  the  remainder  of  the  series,  there  being  very 
few  complete  sets  in  existence,  so  far  as  I  have  been 
able  to  ascertain.  Indeed,  the  only  perfect  volumes 
I  have  been  able  to  refer  to  in  preparing  this  cata- 
logue are  those  in  our  library  downstairs,  and  I 
should  be  very  grateful  to  any  member  who  might 
be  able  to  put  me  in  the  way  of  getting  copies  of 
these  two  volumes. 

The  list  as  it  now  stands  includes  parts  of  not  less 
than  250  distinct  organisms,  of  which  the  great 
majority — all,  in  fact,  except  about  a  dozen  species  of 
plants — are  marine,  and  a  great  proportion  are  deep- 
sea  forms.  Thus,  there  are  nearly  70  brachiopods, 
at  least  30  cephalopods,  and  several  fishes  represented 
in  the  Cornish  Palaeozoic  fauna,  besides  a  considerable 
number  of  crinoids,  corals,  and  sponges. 

Probably  the  catalogue  includes,  in  a  few  in- 
stances, names  which  ought  to  have  been  omitted; 
in  other  cases  it  no  doubt  omits  those  which  should 
have  been  included.  I  can  only  hope  that  those  who 
discover  such  errors  will  in  due  course  inform  me 
thereof,  so  that  I  may  be  able  to  make  the  necessary 
corrections  in  a  supplementary  note. 

To  assist  the  student  in  recognising  the  various 
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forms,  references  are  given  whenever  possible  to  the 
illustrations  contained  in  well-known  works.* 

It  is,  perhaps,  not  unreasonable  to  expect  that,  by 
placing  this  compendium  of  the  work  already  done  in 
the  hands  of  local  students,  many  of  them  may  be 
induced  to  search  the  cliffs  and  quarries  more 
diligently  than  hitherto,  and  to  present  their  dis- 
coveries to  the  local  museums ;  so  that  specialists, 
finding  plenty  of  material  prepared  ready  to  their 
hands,  may  be  induced  to  do  for  the  fish-remains, 
crustaceans,  and  other  natural  groups,  what  Mr. 
Davidson  has  so  well  done  for  the  brachiopoda  in  his 
classical  work  published  by  the  Palseontographical 
Society. 

Here  are  fields  of  labour  for  many  naturalists,  and 
it  is  greatly  to  be  desired  that  labourers  may  be 
forthcoming  to  occupy  them. 

I  have  spoken  in  the  foregoing  introductory 
remarks  of  the  fragmentary  state  of  many  of  the 
Cornish  fossils,  and  I  may  illustrate  my  remarks  by  a 
reference  to  perhaps  the  most  interesting  of  all.     I 

*  These  are  thus  referred  to  : 

PcU.  Foss.  "Palaeozoic  Fossils  of  ComwaU,  &c.,  1841,"  by  Prof. 
John  Phillips. 

Brit.  Fo88.  Coralsj  "  British  Fossil  Corals,"  by  Milne-Edwards  and 
JoLES  Haime,  Palseontographical  Society. 

ScUter,  Pal,  Soc.  "  British  Trilobites,"  by  J.  W.  Salter,  Palseonto- 
graphical Society. 

Davidson,  Pal.  Soc.  "British  Brachiopoda,"  by  Thos.  Davidson, 
Palseontographical  Society. 

Whidbume,  Pai.  Soc.  "  The  Devonian  Fauna  of  the  South  of  Eng- 
land," by  G.  F.  Whidburnb,  Palaeontographical  Society. 

Murch.,  Sil.    "  Siluria,"  4th  edition,  by  Sir  R.  I.  Murchison. 
Nicholson,    "  Manual  of  Palaeontology,"  by  J.  Allstnb  Nicholson. 
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mean  the  fish-remains,  which  are  among  the  most 
ancient  vertebrate  remains  in  the  world.  I  have 
placed  a  few  specimens  on  the  table,  and  they 
certainly  do  not  look  much  like  fish  to  the  unedu- 
cated eye.  Yet  it  is  now  quite  certain  that  they  are 
so,  and  the  fragments  in  the  rocks  of  Lantivet  Bay 
and  the  near  neighbourhood  of  Polperro  are  so 
numerous,  that  industrious  fossil  -  seekers  in  that 
neighbourhood  can  hardly  fail  to  meet  with  veritable 
treasures  of  the  very  highest  scientific  interest. 

II.    HYDROZOA,  ACTINOZOA,   POLYZOA,  AND  ANNELIDA. 

CORALS,    SPONGES,    8BAMAT8,    &C. 

These  are  rarely  so  preserved  as  to  shew  any  of  the 
details  of  internal  structure,  so  that  they  have 
usually  been  named  from  external  characters  only. 
There  is  hence  a  considerable  degree  of  uncertainty 
as  to  many  of  the  specific  determinations,  though  the 
genera  are  probably  correct  in  most  instances.  How- 
ever, much  may  no  doubt  be  done  by  a  careful 
examination  of  the  abundant  materials  now  available 
for  the  student,  and  by  close  and  rigorous  comparison 
with  the  much  better  preserved  organisms  of  other 
regions.  All  the  fossils  mentioned  in  this  section 
are  corals,  except  where  it  is  otherwise  stated. 

ALVEOLITES  REPENS  (Milne-Ed waids). 

Aulopora  repens  (Knorr). 
Millepora  repens  (Lonsdale). 
Millepora  similis  (Phillips). 

Zoc.    Occurs  at  Padstow,  and  at  Boseland,  near  liskeard, 
accordiDg  to  McCoy. 

Fig.      Pal.   Foss.f  fig.   32.      A  spedmen  in  the  Jermjn  Street 
Moseom  from  Padstow. 
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ALVEOLITES  LABECHEi  (Milne-Edwards). 

FavosUes  and  apangites  in  part  (Lonsdale). 

Loc,  Occurs  at  Fowey,  PolruaD,  Mellendreth,  Pelynt,  and 
Bodmin  according  to  Peach  (1844)  and  Couch  (1846). 

Fig.     Brit.  Foss,  Corals,  pi.  Ixi,  figs.  6,  6a,  66. 
ALVEOLITES  VEBMICULARIS   (McCoy). 

Loc.  Occurs  at  Bedruthan  and  Newquay  according  to 
McCoy,  who  says  it  "has  been  confounded  with  the 
very  distinct  Favosites  ^pongites  (i,e.,  Alveolites  Lahechei  i) 
of  the  Eifel." 

Fig.     Brit.  Foss,  Corals^  p.  220  and  pl.  xlviii.,  fig.  5. 
AMPLEXU8  TORTD08U8  (Phillips). 

Loc.  S.  Petherwyn,  Fowey,  and  Polruan  according  to 
Salter,  Peach,  and  Couch. 

Fig.    Brit.  Foss.  Corals,  pi.  xlix.,  figs.  5,  5a  ;  and  Pal.  Foss.,  fig.  8. 

Asircea  helianthoides,  see  strombodes  ueuanthoidls. 
Astrcea  Trelawniensis  nobis,  see  cyathophyllum  bucklakdi. 
Aulopora  repens  (McCoy),  see  alvloutes  repens. 

BERENiciA  M^^COYII  (McCoy).  This  is  a  cyclostomat  polyzoon, 
according  to  Nicholson,  which  is  hardly  separable  from 
Diastopora  {Manual  of  Palceontology,  p.  618). 
Loc.  It  occurs  at  Padstow,  according  to  McCoy,  and  there 
is  a  specimen  so  marked  in  the  Museum  at  Jermyn 
Street. 

Calamopora,  see  favosites. 

CAUNOPORA  RAMOS  A  (Lonsdale). 

StromcUopora  I'amosa  (McCoy). 
Favosites  ramosa  (Brassart). 

Loc.  S.  Petherwyn  (S.  R  Pattison),  Polruan,  Fowey,  and 
Looe  (Peach,  1844 ;  Couch,  1846). 

Fig.     Pal.  Foss.,  fig.  22. 

CLADOCHONUS  (McCoy).  A  genus  of  corals  related  to 
Aulopora,  *'  but  the  colony  is  only  attached  to  foreign 
bodies  by  isolated  points  of  attachment,  and  grows  in 
an  erect  manner  rather  than  as  a  creeping  network."* 

•  Nicholson,  Mantial  of  Palaeontology,  1889,  p.  343. 
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Loc,  According  to  McCoy  it  occurs  in  the  slates  of  the 
Blackhead,  near  St.  Austell,  and  several  specimens  so 
named  are  in  the  Museum.  But  this  is  probably  very 
different  to  the  coral  referred  to  by  Nicholson,  who  says 
it  is  confined  to  the  Carboniferous  period. 

Cyathophjllum    binum,   see    cyathophyllum    elongatum, 

C.    PAUCIRADIALIS,   and   C.   PLURIRADIALIS. 

CYATHOPHYLLUM  BUCKLANDi  (Milne-Ed wards). 

Petraia  gigas  (McCoy).  ' 

Loc.  *'  Very  common  in  the  fine  gray  Devonian  slates  of 
Newquay  "  (McCoy). 

The  Astrcea  Trelavmiensis  nobis  of  Couch  (Trans,  R.  0,  S.  C, 
vii.,  244)  may  have  been  a  particularly  fine  example  of 
this  coral.  Mr.  Couch  gives  no  drawing,  and  as  yet  I 
have  not  been  able  to  identify  the  specimen  in  the 
Museum. 

CYATHOPHYLLUM  CAESPiTOSUM  (Milne-Ed wards). 

Stromhodes  vemiicularis  (Lonsdale). 

Loc,     Occurs  at  S.  Petherwyn,  according  to  Couch  (1847). 

Fig,    PaL  Foss.j  fig.  14. 

CYATHOPHYLLUM  CELTicuM  (Milne-Ed wards). 

Turbinolopsis  ccltica  (Phillips). 
Petraia  celtica  (Lonsdale). 

Loc.  Said  to  occur  at  S.  Petherwyn,  Tintagel,  Tregrill 
Slate  Quarry,  Bodmin,  Wadebridge,  St.  Columb  Forth, 
Looe,  Polruan,  Fowey,  Ready  Money,  Gribben,  Crinnis, 
Blackhead,  &c. 

McCoy  says  this  is  the  same  species  as  the  Turbinolopsis 
pauciradialis  of  Phillips,  and  that  it  occurs  at  Padstow ; 
but  it  will  be  better  to  keep  them  distinct  as  Phillips 
did,  at  least  for  the  present.  It  is  likely  that  several 
species  have  been  confounded  under  this  name,  the 
range  of  localities  being  so  great. 

Fig.     Pal.  Fuss.,  fig.  1. 
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CYATHOPHYLLUM   ELONGATUM. 

Cyathophyllum  hina  in  part  of  Milne-Edwards,  who  does  not  appear 
to  have  had  access  to  the  specimens  studied  by  Couch. 

Loc,  Occurs  at  Fowey  and  Polruan,  according  to  Peach 
and  Couch.* 

Fig,     Pal  Fosa.,  fig.  2. 

CYATHOPHYLLUM   PAUCIRADULIS. 

Turbinolopsis  pauciradicUis  (Phillips). 
Cyaihophyllum  hina  in  part  of  Milne-Edwards. 

Loc.  Occurs  at  Fowey  and  Polruan,  according  to  Couch 
{loc,  cit  supra). 

Fig,     Pal,  Foss.,  fig.  4. 

CYATHOPHYLLUM   PLURIRADIALIS. 

Turbinolopsis  pluriradialis  (Phillips). 
Cyathophyllum  hina  in  part  of  Milne-Edwards. 

Loc,  Fowey,  Polruan,  Pridmouth,  Gribben,  according  to 
Peach  (1844)  and  Couch  (1846). 

Fig.     Pal,  Foss,j  fig.  6. 

Cyathophyllum  turbinatum,  see  stuombodes  heliantuoides. 

CYSTIPHYLLUM  SILURIENSE  (Lonsdale). 

Loc,     Fowey,  according  to  Couch  (1850). 

Fig.     Brit.  Foss.  Corals,  pi.  Ixxii.,  figs.  1,  la. 

Liastopora,  see  beuenicia. 

DISCOPHORA,  according  to  Nicholson,  is  a  genus  of  Codenterata, 
sub-class  Lucernaria  (allied  to  the  jelly-fishes),  which 
"  has  left  traces  of  its  past  existence  "  in  the  rocks. 

Loc,  A  specimen  so-called  was  presented  to  the  Museum 
from  the  Petherwyn  beds,  and  noticed  in  the  Curator's 
report  for  1850. 

FAVOSITES,  an  important  genus  of  corals  formerly  known  as 
Calamopora, 


•  Trans,  Hoy,  Oeo,  Soc,  Com,,  vL,  p.  276. 
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FAVOSiTES  CERVicoRNis  (Milne-Edwards). 

FavosiUs  polymorpha  (Goldluss). 

Loc,     Occurs  at  Bedrutban  and  Newquay,  according  to 
McCoy. 

Fig.     Brit.  Foss.  Cordis,  pi.  xlviii.,  fig.  2. 

FAVOSITES  CRISTATA  (Milne-Ed wards). 

Favositea polymorpha  (Lonsdale). 

Loc,    Mellendreth,  Looe,  Punch's  Cross,  Polruan,  Pelynt, 
Bodmin,  St.  Columb,  Bedrutban. 

Fig.     Brit.  Foss.  Cordis^  pi.  xli,  figs.  3,  3a,  4,  4a. 

FAVOSITES  FIBROSA  (Milne-Edwards). 

SUnopora  fibrosa  (McCoy). 

Loc,     Looe,  Lantivet  Bay,  Polruan,  Fowey,  according  to 
Peacb  (1844)  and  Coucb  (1846). 

Fig.     Brit.  Foss.  Corals^  pL  xlviii.,  figs.  3,  8a,  36,  and  bci,  figs.  5,  6a. 

FAVOSITES  GOTHLANDICA  (Milne-Edwards). 
Loc,     Polruan,  Coucb  (1846). 

Fig.     Brit.  Foss.  Corals,  pL  Ix.,  figs.  1,  la. 

FavosUes  polymorpha.  Many  different  corals  bave  been 
described  under  tbis  name,  as  for  instance  F.  cristata 
and  F.  CERVICORNIS,  also  f.  dubia  of  Milne-Edwards, 
wbich  is  the  F.  polymorpha  of  Phillips  in  part. 

Favosites  ramosa,  see  caunopora  ramosa. 

Favosites  spongites,  see  alveolites  labechei. 

FENESTELLA.  A  genus  of  polyzoons  allied  to  the  Flmtra,  or 
Seamats. 

FENESTELLA   ANTIQUA. 

Loc.    South  Petherwyn  (S.  E.  Pattison)  and  Punch's  Cross 
(Peach). 

Fig.     Pal.  Foss.,  fig.  35,  p,  y,  d. 
FENESTELLA   ARTHRITICA. 

Loc.     Occurs    at    Polruan    (Coucb,    1846)    and    Fowey 
(McCoy). 

Fig.    Pal.  Foss.,  fig.  36. 

Fenestella  infundibula  (Shrub8ole),8ee  RETEPOBA INFUNDIBULA. 
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FENESTELLA   LAX  A  (Phillips). 
Polypora  laxa  (Phillips). 

Loc,    Petherwyn,  Bossiney,  Tintagel. 

Fig.     I'al,  Foss.,  fig.  34. 

FENESTELLA   PLEBEIA. 

F.  antiqua  (Lonsdale),  in  part  according  to  McCoy. 

Loc.     South  Petherwyn. 

GLAUCONOME  BIPI^'NATA.  A  polyzoon  closely  allied  to 
Ptilodictya,  and  "in  many  respects  very  analogous  to 
Fenestella  and  Retepora  *'  (Phillips), 

Loc,     S.  Petherwyn,  according  to  S.  li  Pattison. 

Fig,     Pal.  Foss.,  fig.  33. 

GRAPTOLITES,  "from  the  westward  of  St.  Austell,"  were 
"  determined  by  Ed.  Forbes,  who  says  they  resemble  6. 
Murchisoni.**  Specimens  were  presented  to  the  Museum 
in  1850.  (See  Curator's  report  for  that  year.)  I  have  not 
yet  seen  these  specimens,  unless  they  are  those  marked 
"  Cladochonus"  which  are  very  different  to  graptolites. 

HELIOPHYLLUM  HALLii  (Milne-Ed wards). 

Strombodes  heliaiUhoidcs  (Phillips). 

Ueliophyllum  turbinatum  (Hall). 

Not  Cyathophyllum  licHanthoidtum^  as  supposed  by  Phillips. 

Loc.     Bodmin  or  Newquay,  according  to  Couch  and  Giles. 

Fig.     Pal.  Foss.,  fig.  13. 

Millepora  repens  and  Millepora  similis,  see  alveolites  repeks. 

NERITES.  A  genus  of  annelids.  R  Q.  Couch  says,  "In  a 
visit  to  Truro  in  March  last  I  found  in  a  quarry  in  the 
neighbourhood  marks  so  closely  resembling  a  species  of 
the  Nerites,  a  genus  of  the  Annelida  belonging  to  the 
oldest  of  the  fossil-bearing  rocks,  that  it  seemed  as  if 
we  had  arrived  at  length  into  the  Cambrian  age."  (Eeport 
Royal  Oeo.  Soc.  Com.,  Sept.  1850.)  Somewhat  similar 
markings  have  been  found  in  many  parts  of  Cornwall, 
as  at  the  Blackhead,  and  at  Tintagel,  and  also  in  the 
slates  of  Mill  Hill  Quarry,  near  Tavistock. 
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PETKAIA  (Mlinster).     A  genus  of  solitary  corals  referred  to 
CYATHOPHYLLUM  by  Milne-Ed wards,  which  see. 

PLEURODICTYUM  PROBLEMATICUM   (Goldfuss). 

Loc,  Looe,  Lamellion,  Eoseland,  St.  Veep,  Polruan,  &c., 
according  to  Peach.  [Trans,  Roy.  Geo.  Sac.  Com.,  ix.,  p.  52.) 

Mg.     Jal.  Foss.,  fig.  24. 

Polypora  laxa  (Phillips),  see  fenestella  laxa. 

PROTOVIRGULARIA  DICHOTOMA  (McCoy)  is  One  of  the  OorgonidcB, 
allied  to  the  "  sea-pens  '*  of  our  present  seas. 

I0OC.  It  occurs  in  the  Silurian  slates  of  Lockerbie.  It  also 
occurs  at  the  old  quarry  of  calcareous  slate  near  the 
Blackhead,  according  to  C.  W.  Peach,  "  associated  with 
Petraia  celtica''  (?).  {Trans.  Roy.  Geo.  Soc.  Com.,  vii., 
121,  and  x.,  93.) 

PTILODICTYA  (Lonsdale). 

Stictopora  (Hall). 

Loc.  Found  at  Padstow,  according  to  McCoy.  {Brit.  Pal, 
Rocks  and  Fossils.) 

Fig.  Ptilodictya  gigantea  is  figured  by  Nicholson  {ManucU  of 
Palaeontology y  p.  628).  Details  of  several  species  are  also  given 
by  G.  R.  Vine  {Quart.  Joum,  Oeo  Soc.,  1882,  pp.  63-68),  but 
not  from  Cornish  specimens. 

KECEPTACULiTES  NEPTUNi  is  probably  a  sponge. 

Loc.  A  specimen  found  at  Eoseland  by  Mr.  Giles  was 
determined  by  McCoy  {Trans.  Roy.  Geo.  Soc.  Com.,  vil, 
169). 

Fig.     Nicholson,  Manual  of  Palaeontology,  p.  171. 

RETEPORA   INFUNDIBULA  (Lonsdale). 

Fenestella  infundihnla  (Shrubsole). 

"The  general  form  of  the  genus  is  closely  allied  to 
Fenestella,  but  the  cells  are  situated  on  the  interior 
instead  of  the  surface."  (Couch,  Trans.  Roy.  Geo.  Soc. 
Corn.,  vi.,  p.  283.) 

Loc.  Fowey,  Pridmouth,  and  the  Gribben.  (Peach,  1844; 
Couch,  1846.) 

Fig.     Lonsdale,  Silurian  RemainSj  pi.  xv.,  fig.  24. 
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SABELLARIA  ALVEOLATA  is  a  social  annelid,  the  tubes  occurring 
in  groups.  Peach  saw  "a  coral"  like  Sabellaria  alveolata 
at  Great  Peraver.  (Trans.  Roy.  Geo.  Soc  Coryi.,  \i^  p.  51.) 

SCOLITHUS.  Fossil  markings  resembling  Scolithus  occur  in 
the  quartzites  of  Gerrans  Bay,  Gorran,  and  the  Meneage 
peninsul6^  near  St.  Martin's. 

Sphmrospongia  tesselatus  (McCoy),  see  SPHiERONlTES  TE8SE- 
LATUS,  among  the  Eckinodermata  in  Section  vii. 

Steganodictyum,  This  was  a  genus  of  sponges  estab- 
lished by  McCoy  for  the  fish  remains  discovered 
by  Mr.  Peach,  and  so  determined  by  him.  McCoy 
distinguished  two  species,  viz.,  S.  Carteri  and  S.  Comu- 
bicum,  but  the  reference  to  fish  was  confirmed  by 
Huxley  in  1858  and  Ray-Lankester  in  1868. 

Stenopora  fibrosa  (McCoy),  see  favosites  fibrosa  (Milne- 
Edwards). 

Stictopora,  see  ptilodictya. 

Stromatopoi*a  ramosay  see  Caunopora  ramosa. 

Strombodes  vermicularis,  see  cyathophyllum  caespitosum. 

Strombodes  helianthoides,  see  heliophyllum  halli  (Milne- 
Edwards). 

TENTACDLITES  is  a  genus  sometimes  referred  to  the  annelida, 
but  more  often  to  the  mollusca  {Pteropoda\  where,  in 
Section  v.,  a  notice  will  be  found  of  its  occurrences. 

Turbinolia  and  Turbinolopsis,  see  cyathophyllum. 

WORM-TRACKS,  Otherwise  undefined,  are  seen  in  the  Highgate 
Quarry,  St.  Veep,  and  at  other  places  in  the  Fowey 
district  according  to  Peach,  who  says  the  markings  are 
"  rough  and  granular,  though  the  matrix  is  clay-slate." 


1892.]  PalcBozoic  Fossils  of  Cornwall.  437 


III.   BRACHIOPODA. 

These  have  had  the  advantage  of  being  worked  out 
very  thoroughly  by  the  late  Mr.  Thos.  Davidson,  F.R.S., 
consequently  the  names  given  in  the  following  list  in 
small  capitals  may  be  relied  on  with  very  few 
exceptions,  and  those  due  to  the  imperfections  of  the 
specimens,  which  are  in  general  only  distorted  casts.* 

Anomia  reticularis,  see  atrypa  reticularis. 

ATHYRIS  CONCENTRICA  (Von  Buch). 
Athyris  hispida  (Sowerby). 
Atrypa  hispida, 
Terebratula  hispida. 
T,  concentrica, 
Spirifera  concentrica, 
Spirigerina  concentrica,  dx, ,  of  varioiis  authors. 

Loc,     Found  at  Petherwyn  and  Padstow. 

Fig,    Davidson,  Dev.  Mon.^  iii.,  pi.  iii.,  figs.  11-15  and  24. 
„         Dev,  Supp.,  v.,  pi.  ii.,  figs.  28,  24. 
Ibid.,  pi.  xi.,  fig.  10. 

ATHYRIS  DECUSSATA  (McCoy). 
Atrypa  decussata  (Sowerby). 

Loc,    Eeported  from  S.  Petherwyn  by  McCoy,  but  not 
adopted  by  Davidson,  though  he  copies  McCoy's  figure. 

Fig.     Davidson,  Dev.  Mon.,  iii.,  pi.  iii.,  fig.  17. 

Athyris  hispida,  see  athyris  concentrica. 

ATHYRIS  INDENTATA. 

Atrypa  indeniata  (Sowerby). 

Loc.    Eeported  from  S.  Petherwyn,  but  not  adopted  by 
DavidsoD. 

Fig.    Davidson,  Dev,  Afon.,  iii.,  pi.  iii.,  17. 

Athyris  phbeia.     Reported  from   Padstow,   but  name  not 

adopted  by  Davidson. 
Atrypa  affinis,  see  atkypa  reticularis. 
Atrypa  aspera,  see  atrypa  reticularis.     Var.    aspera. 

*  The  references,  unless  when  otherwise  specified,  are  to  his  great 
work  on  the  Brachiopoda,  published  by  the  Palseontographical  Society. 
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Atrypa  decussata,  see  athtris  dkcussata. 

ATRYPA   DE8QUAMATA  (Sowetby). 

Loc.    Eeported   from   S.    Petherwyn,    St    Keyne,    Looe, 
Fowey,  and  Pridmouth. 

Fig,     Dayidaon,  Dev.  Man,,  iil,  pi.  x.,  figs  9-18. 

Ibid,  iii.,  pi.  xL,  figs.  1-9. 
„        Dev,  Supp.,  T.,  pL  i,  fig.  15. 

Atrypa  f (Max  (McCoy).    A  species  not  adopted  by  Davidaon. 
Specimens  reported  from  S.  Petherwyn. 

Atrypa  hispida,  see  athtris  concemtrica. 

Atrypa  inderUata,  see  athtris  indsntata. 

Atrypa  juvenis.    A  species  not  adopted  by  Davidson. 
Loc,     Eeported  from  South  Petherwyn  and  figured. 

Fig.     Pal.  Foss.,  fig.  165. 

Atrypa  pugnus,  see  rhtnchonella  pugnus. 

ATRYPA  RETICULARIS  (Linn^). 

Anomia  reticularis, 

Atrypa  affinin. 

Terebratula  aifinis. 

Terebratula  prisca, 

Terebratula  imperat^ 

Spirigerina  reticularis, 

Spiri/erina  reticularis,  d-c.,  of  various  authora. 

Lac.     Reported  from  Petherwyn,  Padstow,  &  Looe. 

Fig.     Davidson,  Dev.  Mon.,  iii.,  pi.  x.,  figs.  3,  4. 
„         Dev.  Supp.,  v.,  pi.  i.,  fig.  16, 
„         Sii.  Mon.,  iii.,  pi.  xiv.,  figs.  1-21. 
„         Sil.  Sujfj)  ,  v.,  pi.  vi.,  figs.  14,  16. 
„  Ibid,  v.,  pi.  vii.,  figs.  1-6. 

This   is   a   very   variable   shell,    which   has    been    very 
completely  worked  out. 

ATRYPA  RETICULARIS,  var,  ASPERA  (Schlotheim). 

Atrypa  squamosa. 

Terebratula  aspera. 

Terebratula  reticularis,  <L'€.,  of  various  authors. 

Loc.     Eeported  from  Petherwyu,  Looe,  Fowey,  and  Prid- 
mouth. 

Fig.     Davidson,  Dev.  Mon.,  iii.,  ]»1.  x.,  figs.  5-8. 
„         Dev.  Supp.,  v.,  p.  40. 
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Atrypa  squamosay  see  atrypa  rkticularis,  var,  aspera. 

Atrypa  stricUtUa  (Salter  and  McCoy).    A  species  not  adopted 
by  Davidson. 
Loc,    S.  Petherwyn. 

Atrypa  suhdentata  (Sowerby),  see  rhtnchonella  subdbntata. 
A  species  not  adopted  by  Davidson. 

Atrypa  triangulata   (Salter   and    McCoy).     A  species  not 
adopted  by  Davidson. 
Zoc.     S.  Petherwyn. 

Atrypa  unguiculus,  see  spirifera  urii. 

Caniaraphoria  globulina,  see  C.  rhomboidea. 

camaraphoria  rhomboidea  (Phillips). 

C.  globulina  (Phillips). 

Loc.    Found  at  S.  Petherwyn. 

Fig.     Davidson,  Carb.  Mon.,  \i.,  pi.  liv.,  figs.  20-22. 
,,         Dev.  Mon.f  iii.,  pi.  xiv.,  figs.  19-22. 

CHONETES  HARDRENSIS  (Phillips). 
Chonetes  sordida  (Phillips). 

Loc,  Looe  beds  according  to  Etheridge.  {Qiiart.  Joum. 
Geo.  Sac,  xxiii.,  p.  621.) 

Leptoena  caperata,  see  strophalosia  productoides. 

Leptoena  fragaria,  see  productus  subaculeatus. 

LEPTOENA  LATIC08TA  (Conrad). 

Loc.  Reported  from  Looe,  Polperro,  &c.,  but  probably  in 
mistake  for  L.  looiensis. 

Fig.     Davidson,  Dev.  Mon.,  pL  xvii.,  figs.  1,  2,  3. 

Leptoena  laxispina,  see  STROPflALOSiA  PRODUcroiDES. 

LEPTOENA  LOOIENSIS  (Davidson). 

Loc.  Looe  and  Polperro.  This  species  does  not  seem  to 
have  been  met  with  elsewhere  in  Cornwall,  but  it  is 
common  at  Looe,  behind  Saltram  Cove  at  Paignton,  and 
at  the  Smugglers'  Cove,  Torquay.  It  differs  from 
Conrad's  L.  laticosta,  but  has  been  mistaken  for  it. 

Fig.     Davidson,  Dev.  Mon.,  iii.,  pi.  xviii.,  fig&  13,  li. 

Leptoena  membranacea,  see  strophalosia  productoides. 

2  H 


440  A   Working  List  of  the  [Nov.  4, 

LEPTOENA,  n.  sp. 

Loc.  Boseland.  "Displays  five  strongly-marked  ridges 
extending  across  the  shell  in  line  with  the  hinge-joint" 
(Giles,  Trans,,  vii.) 

Lingula  mola,  see  LOfGULA  SQUAMi?ORMia 

LINGULA  SQUAMIFORMIS  (Phillips), 
L,  mola  (Salter). 

Loc.    Eeadymoney  (Peach,  Trans,,  ix.,  p.  53). 

Fig,    Davidson,  €farb,  lion,,  iL,  pL  xliz.,  figs.  1-10. 
,,         Dev.  Mon.,  iii.,  pi.  xz.,  figs.  11,  12. 

Martinia,     A  sub-genus  of  SPIRIFERA,  which  see. 

OKTHis  ACTONLE  (Sowerby). 
Loc.    Stated  to  occur  at  Gorran  by  R  Q.  Couch  in  1856, 
but  not  recognized  by  Davidson  in  specimens  from  that 
locality. 

Fig.     Davidson,  SU.  Mon.,  ill.,  pi.  xxxvi.,  figs.  6-17. 
„         Sil.  Supp.,  v.,  pi.  xi.,  fig.  12. 

ORTHIS  ALTERNATA  (Sowerby). 

Loc.  Stated  to  occur  at  Gorran  by  R.  Q.  Couch  in  1856, 
but  not  recognized  by  Davidson  in  specimens  from  that 
locality. 

Fig.     Davidson,  Sil.  Mon.^  iii.,  pi.  zxxi.,  figs.  1-8. 
,,         Sil.  Supp.,  v.,  pi.  xiv.,  figs.  1-6. 

ORTHIS  ARCUATA  (Phillips). 
0.  longisulcala  (McCoy). 

Loc,  Reported  by  Phillips  from  S.  Petherwyn,  and  by  S. 
R.  Pattison  from  Looe  and  Polruan  (1856). 

Fig.    Davidson,  Dev,  Mon.,  iii.,  pi.  xvii.,  figs.  13,  14. 

ORTHIS  BERTHOSi,  var.  coRNUBiENSis  (Tromm.). 

0.  turgida  (McCoy). 

0.  striatula  (Emmerich). 

0.  redux  (Salter)  in  part). 

Loc.  This  occurs  at  Caerhayes,  and  in  Manaccan,  as  well 
as  in  the  Budleigh  Salterton  beds,  and  in  the  "  May " 
beds  in  Brittany. 

Fig.  Davidson,  Bud.  Salt.  Mon.,  iv.,  pi.  xliii,  figs.  14,  16,  from  t 
specimen  in  the  Trnro  Museum,  '*  probably  the  0.  turgida  of 
McCoy." 
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ORTHIS  BUDLETENSIB  (Davldson). 

0,  redux  (Barrande)  in  part 

0.  Ustttdinaria  (Dalman)  in  part 

0.  Peachii. 

Loc.  Found  at  all  the  Cornish  Lower  Silurian  localities 
from  Grorran  and  Caerhayes  to  Manaccan;  also  in  pebbles 
of  the  Budleigh  Salterton  and  "  May  "  beds. 

Fig,    Davidson,  8x1,  Man,,  iii,  pi.  zzyiii.,  figs.  6-9  (as  0,  redux), 

„         Bud,  SaU,  Jtfbn.,  iv.,  pi.  zlii.,  figs.  16>26, 
From  specimens  in  the  Penzance,  Edinbnrgh,  and  Jennyn  Street 
Museums. 

Orthis  ecUlactis,  see  o.  CAiiLiORAMMA. 
ORTHIS  CALLiGRAMMA  (Dalman). 

0.  virgcUa  (Salter). 
0.  ecUlactis  {t). 

Loc,    Gorran,  Caerhayes,  Gerrans  Bay,  &c.,  also  in  the 
Budleigh  Salterton  pebbles. 

Fig,     Davidson,  Sil,  Mon,,  iii,  pi.  zxxv.,  figs.  1-17. 

„         Sil.  Supp,,  Y.,  pi.  xiii,  figs.  23-26. 

„        Ibid.,  pi.  xlii.,  figs.  7-10. 
Figured  from  specimens  in  the  Penzance  Museum. 

ORTHIS  CALLIGRAMMA,  var,  SCOTICA  (Salter). 
Loc.    Gorran,  also  the  Budleigh  Salterton  pebble& 

Fig.     Davidson,  SiL  Mon.^  iii.,  pi.  zxxv.,  figs.  20-22. 

„         SU,  Supp.,  pi.  xliL,  figs.  11,  12. 
From  specimens  in  the  Penzance  Museum. 

Orthis  canalis,  see  0.  canaliculata. 
ORTHIS  CANALICULATA  (Lindstrom). 

0.  cancUia  (f)  (Sowerby). 

0.  tlegarUula  (f)  (Dolman)  in  part. 

Loc.  Reported  from  Gorran  by  R  Q.  Couch  in  1856,  but 
not  recognized  by  Davidson  among  the  specimens  from 
that  locality. 

Fig,    Davidson,  Sil,  Mon.,  iii.,  pi.  xxvii,  figs.  12,  13. 
OHTHIS  CIRCULARIS  (McCoy). 

Loc,  Reported  from  Looe  and  Fowey,  but  not  recognized 
by  Davidson.  Perhaps  specimens  of  0.  hijpparionyx  have 
been  thus  named. 

2  H  2 
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ORTHis  COMPBES8A  (Sowerby).    A  species  not  adopted  by 
Davidson. 
Zoc.    Seported  by  Couch  firom  (jorran  in  1856. 

ORTHIS  coNFiNis  (Salter). 
Loe,    Eepoited  from  Gorran,  but  not  recognized  among  the 
specimens  from  that  locality  by  Davidson. 

Fig,    Dayidson,  Sil,  Mon,,  iii,  pL  zxxvL,  figa  1-4. 

Orthis  CornubicuSy  see  0.  berthosi,  var,  cornubiensis. 

ORTHIS  ELSGANTULA  (Dalman). 
Loc.    Reported    from    Gk)rran,    bat    not   recognized    by 
Davidson  among  the  specimens  &om  that  locality. 

Fig,    Davidson.  Sik  Man.,  iii.,  pi.  xxvii.,  figs.  1-9. 
ORTHIS  FLABELLULUM  (Sowerby). 

Loc.  Reported  from  Gorran  by  R  Q.  Couch,  but  not 
recognized  by  Davidson  among  the  specimens  from  that 
locality. 

Fig,    Davidson,  SiL  Mon.,  iii,  pL  xzxiv.,  figs.  1-12. 

„         Sil,  Supp,y  v.,  pi.  xiii.,  figs.  3-6,  20,  21. 

ORTHIS  FURciFER,     A  specics  not  recognized  by  Davidson. 
Loc,    Reported  from  Gorran  on  the  authority  of  Major 
Wyatt-EdgelL 

ORTHIS  HIPPARIONYX  (Vanuxem). 
Loc.    Looe  and  Polperro. 

Fig,    Davidson,  Dev.  Mon.,  iii.,  pi.  xvil,  figs.  8-11. 

„         Bud,  Salt.  Mon,i  iv.,  pL  xzzix.,  fig.  1. 

ORTHIS  INTERLINKATA  (Sowerby). 
0,  parallela  (Phillips). 

Loc.  South  Petherwyn.  "Very  good  impressions," 
according  to  Davidson. 

Fig.    Davidson,  Dev,  Mon.^  iii,  pi.  xvii.,  figs.  18-23. 

Orthis  lata,  see  o.  protensa. 
ORTHIS  lunata  (Davidson). 

0.  orbicularis. 

Loc.  Reported  from  Gorran,  but  not  recognized  by 
Davidson  among  the  Gorran  specimens. 

Fig.     Davidson,  Sil.  Mon.y  iii.,  pi.  xxviii.,  figSw  1-5. 
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Orthis  orbicularis,  see  0.  lunata. 

Orthis  parallela,  see  o.  interlineata. 

Orthis  paroa,  see  0.  testudinakia. 

Orthis  Peachii,  see  0.  budletensis. 

ORTHIS  PECTEN  (McCoy).   A  species  not  adopted  by  Davidson. 
IfOc.    Reported  from  Grorran  by  Couch  (1856). 

Orthis  persarmentosa  (McCoy),  see  streptorhynchus  PERSAR- 

MENTOSUS. 

ORTHIS  PLICATA  (Sowcrby). 

StrophoTTuna  pliecUa, 

This  includes  many  of  the  fossils  formerly  described  under 
0.  CALLiGRAMMA.  It  has  been  reported  from  Gorran,  but 
was  not  recognized  among  the  fossils  from  that  locality 
by  Davidson. 

Fig.     Davidson,  Sil.  Mon,,  iiL,  pL  zxzy.,  figs.  25,  26. 
„         IbuLf  pi.  xxxvii.,  fig.  1. 
„        Sil,  Supp.f  v.,  pL  xiii.,  fig.  27. 

ORTHIS  PROTENSA  (Sowerby). 

Strophomena  protensa. 
Orthis  lata. 

Loc,  Reported  from  Gorran,  but  not  recognized  by 
Davidson  among  the  specimens  from  that  locality. 

Fig.    Davidson,  SU.  Mon.^  ill,  pL  xxxvi,  fig.  24-80. 

OBTHis  RADIANS.   A  specics  uot  admitted  by  Davidson;  known 
also  as  StrophomeTia  radians. 

Loc,    Reported  by  Couch  from  Gorran  (1856). 
Orthis  redux  (Barrande),  see  0.  budletensis. 
Orthis  redux  (Salter),  see  o.  berthosi. 

OBTHIS  resupinata  (Martin). 

Loc  Reported  from  Fowey  and  Looe  by  McCoy,  and 
from  Petherwyn  by  Salter;  but  not  recognized  by 
Davidson  among  the  specimens  from  there.  Is  known 
to  him  only  as  a  Carboniferous  specimen. 

Fig.     Davidson,  Carh.  Mon.y  iL,  pi.  xxix.,  figs.  1-6. 
„         Ihid.^  pi.  XXX.,  figs.  1-5. 
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OBTHIS  RETR0B8ISTRIA  (McGoj). 

Loe,  Bepoited  by  McCoy  as  "common"  at  Gorran,  but 
not  recognized  by  Davidson  among  the  specimens  from 
that  locality. 

Fig,    DavidaoDi  SU,  Man,,  iii.,  pL  zzxri.,  figs.  89-42. 
M        SU.  Supp,,  T.,  pi.  xiv.,  figs.  7-16. 

Orthis  scotica,  see  o.  calugramma,  var.  sconcA. 

Orthis  semidreiUaris  (McCoy).    A  species  not  admitted  by 
Davidson.    Known  also  as  Strephomena  semicircularu. 

Loc.    Reported  from  Gorran  by  Couch  (1856). 

OBTHIS  STBiATULA  (Schlotheim). 

Loc.  Reported  from  Looe,  &c.,  but  not  recognized  by 
Davidson  among  the  specimens  seen  by  him. 

Fig.    DaTidaon,  Dev.  Mem.,  ill,  pi.  xvii.,  figs.  4-7. 

OBTHIS  TESTUDINABIA  (Dalman). 

0.  parva  (Pander). 

Loc.  Reported  from  Gorran,  but  not  recognized  among 
the  specimens  studied  by  Davidson.  He  thinks  the 
specimens  so  named  belong  to  his  species  o.  budleyensis. 

Fig,    Davidaon,  SU.  M<m.^  iii,  pi.  xxvii.,  figs.  13-16  and  22-24; 

but  not  18-15  and  17-21. 
M         Bvd,  Salt,  M(m,y  vr,^  pi.  xlil,  fig.  26. 
„         SU.  Supp.f  v.,  pi.  xiii.,  figs.  30,  31. 

Orthis  turgida  (McCoy),  see  0.  berthosl 

OBTHIS  VESPEBTiLio  (Sowerby). 

Loc.  Reported  formerly  from  Gorran,  but  not  recognized 
by  Davidson  among  the  specimens  from  that  locality. 

Fig.     Davidson,  SU,  Mon.^  iii.,  pi.  xxx.,  figs.  11-21. 

Orthis  virgata,  see  0.  calligbamma. 

OBTHIS,  n.  sp.  This  hitherto  unnamed  species  has  been 
found  at  Gorran,  and  also  among  the  Budleigh  Salterton 
pebbles.  Specimens  are  in  the  Museum  of  the 
Geological  Society  at  Edinburgh. 

Fig,    Davidson,  SU.  Supp.,  v.,  pi.  xlii.,  fig.  13. 
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PENTAMEKUS  BREVIROSTKIS  (Phillips). 
Stringocephnlus  brevirostris  (Phillips). 

Zoc,    Beported  from  Padstow.    Specimens  in  the  Jermyn 
Street  Museum. 

Fig,    DavidsoDi  Dev.  Mon.,  iii.,  pi.  tv,,  figs.  1-14. 

Prodv/ius  laxispinua,  see  strophalosia  productoidbs. 
Producttis  membranacens,  see  strophalosia  productoides. 
Productus  pusiiUosiis,  see  P.  subaculeatus. 
ProductiL8  spinulosus,  see  P.  subaculeatus. 
PRODUCTUs  SUBACULEATUS  (Murchison). 

p.  pustulosus  (Phillips). 

P.  spinulostis  (Sowerby)  in  part 

Strophalosia  subaeuleata  (Salter). 

l/oc.    Found  at  S.  Petherwyn  and  Landlake. 

Fig,     Davidson,  Dev,  Motl,  ill.,  pi.  xx.,  figs.  1,  2. 
„         Dev,  Supp.,  v.,  pi.  iii.,  fig.  22. 

BHTNCflONELLA  ACUMINATA  (Martin). 
Terebratula  acuminata  (McCoy). 

Zoc.     South  Petherwyn  according  to  McCoy. 

Fig,    Davidson,  Dev,  Mon,,  iii,  pL  xiii.,  figSw  1-4,  6  (?). 

BHYNCHONELLA  ANI80D0NTA  (Phillips). 

22.  pugnus,  var.  anisodorUa, 
Atrypa  pugnus, 
TerebratvJa  anisodonla, 

Loc,    S.  Petherwyn  and,  according  to  Peach  (1844),  Fowey. 

Fig,     Davidson,  Dev,  Hon,^  iii.,  pL  xii.,  figs.  12-14. 
BHYNCHONELLA  NUCULA  (Sowerby). 

Loc,    Reported  from  Polruan  by  Peach  (1844),  but  not 
confirmed  by  Davidson  from  this  locality. 

Fig,    Davidson,  Sil,  Mon,,  iii.,  pi.  xxiv.,  figs.  1-7. 
„         Sil,  Supp.,  v.,  pi.  X.,  figs.  27-29. 

BHYNCHONELLA   PENGELLIANA   (Davidson).      "A  large   and 
characteristic  species.'' 

Loc.    Looe  and  Polperro. 

Fig.     Davidson,  Dev,  Mon.,  iii.,  pL  xii.,  figs.  8,  9. 
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RHYNCHONELLA  PLEURODON  (Phillips). 

Loc.     Found  at  S.  Petherwyn. 

Fig,    Davidson,  Dev,  Mon,,  ilL,  pi.  xiii.,  figs.  12, 18. 

RHTKCHOMBLLA  PUGNU8  (Martin). 

TerebrcUula  pugnus. 
Atrypa  pugima  in  part 

Loc,  Beported  from  S.  Petherwyn,  but  perhaps  in  mistake 
for  B.  anisodonta.  Found,  however,  at  Wolborougb, 
near  Newton  Abbot 

Fig,    Davidson,  Dev,  Mon.,  iii.,  pi.  xiiL,  figs.  8-10. 

RHTNCHONELLA  RENIFORMIS  (Davidson). 
TerebfxUula  reni/ormia. 

Loc,     South  Petherwyn. 

Fig.    Davidson,  Dev,  Mon.,  iii.,  pi.  ziiL,  figs.  6,  7. 

Bhynchonella  rhomboides  (Salter),  see  camaraphoria  rhom- 

BOIDEA. 

RHTNCHONELLA  SUBDENTATA  (Salter). 

Atrypa  subdenkUa,    < 
Terebratula  subderUata, 
TerebrcUula  rotunda, 

A  species  not  recognized  by  Davidson. 

Loc,  Reported  by  Salter  from  Petherwyn  {Proc,  Geol,  Soe,, 
1863). 

Fig.    PhiUips,  Pal,  Foss.,  fig.  164. 

Spirifera  arachnoides,  see  streptorhynchus  crenistria. 

Spiri/era  Arckaici,  see  s.  verneuilll 

spirifera  barumensis  (Davidson). 
Loc,    Looe. 

Fig,    Davidson,  Dev.  Mon.,  iiL,  pi.  v.,  fig&  1-8. 

Spirifera  lisvlcata  (Sowerby),  see  a  trigonalis,  var,  bisulcata. 

Spirifera  ccdcarata,  see  s.  verneuilli. 

Spirifera  costata,    A  species  not  recognized  by  Davidson. 
Reported  from  Looe,  Polruan,  and  St  Veep. 

Spirifera  crenistria,  see  streptorhynchus  crenistria. 

Spirifera  culiHjugata,  see  remarks  under  s.  primoeva. 
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SPIRIFERA.  CURVATA  (Schlotheim). 

Loc,    This  species  has  been  somewhat  doubtfully  reported 
from  S.  Petherwyn  and  Looe. 

Fig.    Davidson,  Dev,  Mon,,  ill,  pL  ir.,  figs.  29-82,  88  (7),  34  (t;. 
„        Ihid,,  pi  ix.,  figsw  26,  27. 
M        Dev,  Supp,,  v.,  pL  i.,  fig.  34;  pi.  ii.,  fig.  4. 

Spirifera  disjuncta    . 

Spirifera  distans 

Spirifera  extensa        \  see  s.  verneuilll 

Spirifera  gigantea 

Spirifera  grandoeva  ^ 

SPIRIFERA  HYSTERICA  (Schlotheim). 

Loc,     Looe  and  Padstow  districts  according  to  Dr.  HolL 

Fig.    Davidson,  Dev,  Mon.^  iil,  pi.  viii.,  figs.  16, 17. 

Spirifera  inomata  (Sowerby),  see  s.  verneuilu. 

SPIRIFERA  LAEVICOSTA  (Valcn). 

Loc,     Looe  according  to  Etheridge. 

Spirifera  lineata,  see  s.  STRIATA. 

Spirifera  Lonsdalei,  see  s.  verneuilu. 

Spirifera  nuicropiera,  see  s.  speciosa. 

Spirifera  megaloha  (Phillips).     A  doubtful  species,  but  may 
be  s.  striata, 

spirifera  mesomala  (Phillips). 

Loc,    This  somewhat  doubtful  species  is  reported  from 
Fowey. 

Fig,    Davidson,  Dev,  Mon,,  iii,  pL  vi.,  fig.  8,  from  Phillips,  Pai. 
Foss,,  fig.  137. 

Spirifera  microgemma,  see  s.  striata. 

Spirifera  Murchisoniana  (De  Koninck),  see  S.  yerneuilli. 

spirifera  obuterata  (Phillips). 

Loc,    A  somewhat  doubtful  species  reported  from  Polruan, 
not  recognized  by  Davidson. 

Fig,     Phillips,  Pal,  Foss.,  fig.  185. 
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Spirifera  oetoplicata  (McCoy),  see  spiriferina  c&istata. 
Spirt/era  paradoxides,  see  8.  speciosa. 

8PIEIFSRA  PINNATUS  (At water). 

Zoc,    The  slate  qoanies  near  Laanceston.     Specimens  in 
the  British  Museum. 

SPIRIFERA  PRDfOEYA  (Steintinger). 
Loc.    Looe,  St  Veep,  Polperro,  mostly  as  internal  casts. 

Fig,  Davidson,  Dev.  Mon.,  iii.,  pL  viii.,  figs.  1-8,  who  remarks 
that  the  specimens  properly  referred  to  this  species  have  probably 
been  erroneously  referred  to  S,  cuUrijugala  of  Roemer. 

Spirifera  protensa,  see  s.  verneuilli. 
SPIRIFERA  SPECIOSA  (Schlotheim). 

S,  paradoxides. 
S.  maeraptera. 

Loc.     Looe,  St  Veep,  Fowey,  Polruan,  Padstow. 

Fig,    Davidson,  Dev.  Mon,^  iiL,  pL  viii.,  fig&  6-8. 

„        Bud,  Salt.  Man.,  iv.,  pL  zxxviiL  figs.  15-18. 

SPIRIFERA  STRIATA  (Martin). 

S.  linecUa, 

S,  megaloba  (f). 

S,  microgemma. 

Loc,    Reported  from  S.  Petherwyn  on  the  authority  of 
Salter,  but  not  seen  by  Davidson  from  that  locality. 

Fig,     Davidson,  Curb.  Mon.,  il,  pi.  iL,  figs.  12-21. 

SPIRIFERA  TRIGONAUS,  var.  BI8ULCATU8. 
S,  bisulccUus, 

Loc.    Eeported    from    S.   Petherwyn,  but    not   seen   by 
Davidson  from  that  locality. 

Fig,  Davidson,  Carb.  Mon.^  il,  pi.  iv.,  fig.  1 ;  pi.  v.,  fig.  1 ;  pi.  vi, 
figs.  1-19 ;  pi.  vil,  fig.  4. 

SPIRIFERA  URn  (Fleming). 

S.  unguiculu8, 
Atrypa  unguieulus. 

Loc,    S.  Petherwyn. 

Fig,    Davidson,  Dev.  Mon.^  iii,  pi.  iv.,  figs.  25-28. 

M         Dev.  Supp.f  v.,  p.  34,  copied  from  Pal,  F<m,  fig.  119 
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SPIRIFERA  VERNEDILLI  (Murchisou). 

This  is  the  Spirifera  diy'unda  as  described  in  Davidson's 
Devonian  Monograph  (vol.  iii).  He  finally  adopts  the 
specific  name  as  above  in  his  index  (1884),  and  includes 
all  the  following  supposed  species : 

S,  ccUcarata 

S.  diajuncta 

S.  extensa        L  of  Sowerby. 

S.  gigantea 

S.  inomaia     ^ 

S.  ealcarata    (Pal.  Foss.,  fig.  128) 

S.  disjuncta   ( 

S.  divans       ( 

S.  gigantea    { 

a,  grandoeva  ( 

S.  proUnsa     { 

S.  Vemeuilli 

S.  Archiaci 

S.  Lonsdalei 

S.  disjunctus  \ 

S.  Archiaci     ) 

S,  Murcfiisonianaf  of  de  Eoninck. 

He  does  not,  however,  include  the  S,  diatans  of  Sowerby 
nor,  finally,  his  own  S.  Barumensis.* 

Loc.  Petherwyn,  Tintagel,  Delabole,  Lesnewth,  Trevivian, 
St.  Columb  Forth,  St.  Veep,  Fowey. 

Fig.     Davidson,  Dev.  Mon.,  iiL,  pi.  v.,  figs.  1-12. 
„         Ibid.f  iii.,  pi.  vi.,  figs.  1-6. 
„         Dev.  Supp.,  v.,  pi.  ii,  fig.  1. 
„         BiuL  Salt.  Mon.f  iv.,  pi.  zxzviii.,  figs.  9-14. 

SPIRIFERINA  CRISTATA  (Schlotheim)  var.  OCTOPUCATA. 

Spirifera  octoplieata  (McCoy). 

Loc.     In  yellow  grits  at  Looe  as  internal  casts. 

Fig.    DavidsoD,  Dev.  Mon.,  iii,  pi.  vi.,  figs.  11-15. 

„        Bud.  Salt,  lion,,  iv.,  pi.  xzxviii,  figs.  7,  8. 

Sptriferina  reticularis,  see  atrypa  reticularis. 
Spirigerina  concentrica,  see  athyris  concentrica. 
Spirigerina  retundaris,  see  atrypa  reticularis. 
Streptorhyn^hus  arachnoidetis,  see  8.  CRENISTRIA. 

*  In   a   private   communication   to  the  writer  he   says  he  regards  S» 
Barumensis  as  a  good  species. 
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STREPTOKHYNCHUS  CRENISTBIA  (Phillips). 

Zo€,  Var,  aracknoideus  occurs  at  S.  Petherwyn  accordiDg 
to  Salter  {Proc.  GeoL  Soc,  1863,  p.  483). 

Fig.    Davidson,  Dev,  Mon.,  iii.,  pi.  xviL,  figs.  4-7. 

STRKFTORHYNCHUS  GIGAS  (McCoy). 

Strophomena  gigas. 
Strophamena  depresaa  (?). 

Loc.  This  somewhat  doubtful  species  is.  reported  from 
Looe,  Polruan,  and  Fowey. 

Fig,    Davidson,  Dev,  Mon.,  iii.,  pL  xvi.,  figs.  1-8. 
8TREPT0RHYNCHU8  PERSARMENTOSUS  (McCoy). 

Loc,  Of  the  fossils  reported  from  Polruan  Davidson 
says,  "This  deformed  specimen  cannot  be  specifically 
determined." 

Fig,     Davidson,  Dev,  Mon,^  iii,  pi.  xvi.,  fig.  6. 

8TREPT0RBTNCHUS  UMBRACULUM  (Schlotheim). 
Strophomena  umbraculum  (McCoy). 

Loc,  Occurs  in  the  Padstow  district  according  to  Dr. 
Holl,  and  perhaps  at  Looe. 

Fig,     Davidson,  Dev,  Mon,^  iii,  pi.  xvL,  fig.  6. 
„         Ihid.f  pi.  xviii.,  figs.  1-5. 
„         Dev.  Supp.j  v.,  pi.  iii,  fig.  20. 

STRINGOCEPHALCS  BURTINI  (Defrance). 

S,  giganteus  (Sowerby). 
Terebratula  porrecta  (Sowerby). 
T,  atrigocephalus  (Von  Buch). 
TerebrcUulites  rostratua  (Schlotheim). 
UnciUs  laevia  (McCoy). 

Loc,    Fowey  (Peach,  1844)  and  Padstow  (Dr.  Holl). 

Fig,    Davidson,  Dev,  Mon,,  iii,  pi.  I,  figs.  18-22. 
„         Ibid.f  pi.  ii.,  figs.  1-11. 
„         Dev,  Supp,f  v.,  pi.  iii.,  figs.  2,  3. 

StringocephaliLS  gigarUeus,  see  8.  BURTINI. 
Strophalosia  caperatus  ' 
S,  menibranacea  r  see  8.  productoides. 

S.  laxispina 
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STROPHALOSIA  PRODUCTOIDES  (Murchison). 

S.  capercUits  (Salter). 

S,  membranaeea  (Salter). 

S.  laxispina, 

Leptoena  capercUa  (Sowerby). 

Leptoena  laxispina  (Phillips). 

Producta  laxispina  (Phillips). 

ProductiLs  mejnbranaceus, 

Loc,     S.  Petherwyn. 

Fig,    Dayidflon,  Dev.  Mon.,  ill.,  pi.  zix.,  figs.  18-21. 

StropJialosia  siibaculeata,  see  PRODUCTUS  subaculeatus. 

STROPHOMENA  APPLANATA  (Salter). 

Loc,    fieported  from  the  north  coast 

Fig,     DayidsoD,  Sil,  Mon.^  ill.,  pi.  xliil,  figs.  12-14. 

StropJiomena  depressa  (Sandberger),  see  S.  RHOMBOIDALIS. 
Strophomena  gigas  CMcCoy),  see  streptorhynchus  oigas. 

STROPHOMENA  GRANDIS  (Sowerby). 

Zoc.  Gorran  and  Gaerhayes.  Specimens  named  by  Mr. 
Davidson  are  in  the  Museum. 

Fig,     DayidaoD,  Sil.  Mon.y  iii.,  pi.  xlvi.,  figs.  1-3,  5,  6. 
„         Sil.  Supp.,  y.,  pi.  XV.,  fig.  6. 

Strophomena  laticosta,  see  leptoena  laticosta. 

STROPHOMENA  PECTEN  (Linn^). 

Loc,  Reported  from  Great  Peraver  by  R.  Q.  Couch  in 
1856,  but  not  recognized  by  Davidson. 

Fig,     Davidson,  Sil,  Mon.,  iii.,  pi.  xliii.,  figs.  1-11. 
„         Sil,  Supp.,  v.,  pi.  xv.,  fig.  16. 

STROPHOMENA  PLICATA. 
Orihis  plieata, 

Loc,  A  fossil  under  this  name  was  placed  in  the  Tniro 
Museum  by  Mr.  Peach  in  1846,  but  the  species  is  not 
admitted  by  Davidson.  It  was  probably  ORTHIS 
CALLIGRAMMA  var.  scoTiCA,  which  sca 

STROPHOMENA  PR0TEN8A. 
Orihis  protensa. 

Loc,  A  fossil  from  Great  Peraver  was  so  named  in  1856 
by  Conch,  but  the  name  is  not  admitted  by  Davidson. 

Strophomena  radians,  see  ORTHIS  RADIANS. 

Strophomena  semicircularis,  see  orthis  semicircularis. 
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STROPHOMBNA  RUOMBOIDAUS. 

jS'.  cofnpres8a  (Sowerby)  (?}. 
S,  analoga  (Willkins)  (?). 
S,  depressa  (Sandberger). 

Loc,   Reported  from  Fowey  by  McCoy,  but  probably  in  error. 

Fig,     DavidBon,  Carh.  Mon,^  it,  pi.  xxviii.,  figs.  1-18. 
„         Carh,  Supp,f  iv.,  pi.  xxxvi.,  fig.  28. 
„         Dev,  Mon,,  iil,  pL  xv.,  figa;  16-17. 
„        SU,  Mon,,  iil,  pi  xxxix.,  figa.  1-21. 

8TR0PH0H1&NA  SGRDIDA. 

Loc    Specimen  reported  by  Peach  from  Great  Peraver  in 
1844.    Name  not  admitted  by  Davidson. 

Strophomena  umbraculum,  see  streptorhtnchus  umbragolum. 

TEREBRATULA.  A  genus  of  brachiopods  which  is  not  found 
in  rocks  older  than  the  Jurassic  series,  according  to  Mr. 
Davidson.  Many  fossils  formerly  referred  here  are  now 
referred  to  Bhynchonella,  Atrypa,  and  Spirt/era, 

Terebratula  acuminata,  see  rhynchonella  acuminata. 
Terebratula  affinis,  see  atrypa  reticularis. 
Terebratula  anisodonta,  see  rhynchonella  anisodonta. 
Terebratula  aspera,  see  atrypa  reticularis,  var,  aspera. 
Terebratula  concenirica,  see  athyris  concentrica. 
Terebratula  curvaia,  see  spirifera  curvata. 
Terebratula  hispida,  see  athyris  concentrica. 
Terebratula  imperata,  see  atrypa  reticularis. 
Terebratuia  juvenis,  see  atrypa  juvenis. 
Terebratula  parreda,  see  stringocephalus  burtinl 
Terebratula  prisca,  see  atrypa  reticularis 
Terebratula  pugnus,  see  rhynchonella  pugnus. 
Terehutula  reticviaris,  see  atrypa  reticularis. 
Terehratuia  reniformis,  see  rhynchonella  RBNiFGRlils. 
TerebratulUes  rostratus,  see  stringocephalus  burtinl 
Terebratula  strigocephalvs,  see  stringocephalus  burtinl 
Terebratula  subdentata,  see  rhynchonella  subdentata. 
Uncites  laevis  (McCoy),  see  stringocephalus  burtinl 
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IV.  LAMELLIBRANCHIATA. 

These  are  generally  rare  in  the  Cornish  rocks. 

Avicula  ahbreviata,  see  A.  damnomibnsis,  var.  y. 

AVicuLA  DAMNONiKNSis  (Sowerby). 
A  very  variable  shell 

Var.  a,  eUmgata. 
Var.  p,  media, 
Var,  7,  abbreviaia, 

Zoc.    Occurs  at  S.  Petherwyn.    A  specimen  from  Pohruan, 
so  named  by  McCoy,  is  in  the  Cambridge  collection. 

Fig.    Pal.  Fo8S.,  figs.  90  (o),  91  03),  92  (7). 

Avicula  elongata,  see  A.  damkoniensis. 

AVICULA  EXARATA  (Phillips). 
Zoc.     S.  Petherwyn. 

Fig.    Pal.  Foss.,  fig.  89. 

Avicula  media,  see  A.  damnoniensis. 
AVICULA  SUBRADIATA  (Sowerby). 

Pteranites  sttbradiatus. 

Loc.     S.   Petherwyn.      Also   a   specimen    from    Polnian 
named  by  McCoy,  and  now  in  the  Cambridge  Museum. 

Fig.    Pal.  Foss.,  fig.  87. 

AVICULOPECTEN  ARACHNOIDES. 
Peeten  arachnoides  (Phillips). 

Loc.    S.  Petherwyn, 

Fig.     Pal.  Pass,  fig.  80. 

AVICULOPECTEN  ALTERNATUS. 
Peeten  altematua  (Phillips). 

Zoc.     S.  Petherwyn. 

Fig.    Pal.  Fobs.  fig.  78. 

AVICULOPECTEN  GRANOSUS  (Sowerby). 

Zoc.    S.  Petherwyn  according  to  Etheridge.    {Q.  J.  0.  S., 
xxiii.,  p.  626.)     But  is  not  this  A,  granvioaus  t 
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AVICULOPKCTEN  GRANULOSUS. 
PecUn  grantUonu  (Phillips). 

Loc.     S.  Petherwyn. 

Fig.    Pal.  Fos».,  fig.  76. 

AVICULOPECTEN  PECTINOIDES  (McCoy). 
PecUn  pecHncides. 

Loc.  Polruan  according  to  McCoy.  A  specimen  named 
by  him  in  the  collection  at  Cambridge. 

AVIGULOPECTSN  TRANSVERSUS. 
PeeUn  transversua  (Sowerby). 
PteriuM  radicUa  (!)  (Goldfoss). 

Loc.    S.  Petherwyn.    Also  reported  from  Polruan. 

Fig,    Pal.  Fosa.,  fig.  77. 

Axirnis  deUoideus,  see  ctprigardia  deltoidea. 

CARDIOLA  RETRORSISTRIA  (Keys). 
Cardium  palTiuUum. 

Loc.  S.  Petherwyn  according  to  Salter.  {Quart.  Joum, 
Oeo.  Soc.,  xix.,  p.  483.) 

Cardium  pcUmatum,  see  cardiola  retrorsistria. 

CTENODONTA.      Species   referred    to    this  genus   have  been 
reported  from  Fowey  and  from  Gorran  Haven. 

CTENODONTA  ANTIQUA. 

Loc.  S.  Petherwyn  according  to  Etheridge.  (QiuirL  Joum, 
Oeo.  Sac,  xxiii.,  p.  626.) 

CTENODONTA  ELLIPTICA. 

Pullastra  elliptica  (Phillips). 

Loc.  S.  Petherwyn.  A  specimen  in  the  Museum  at 
Jermyn  Street  was  so  named  by  Major  Wyatt-EdgelL 

Fig.     Pal.  Foss.^  fig.  64. 

CUCULLEA.    A  specimen  referred  to  this  genus  occurs  at 
S.  Petherwyn  according  to  Mr.  S.  R.  Pattison. 

CYPRICARDIA  DELTOIDEA  (Phillips). 
Axinus  dcUoideus. 
Isocardia  axiniformis. 

Loc.  S.  Petherwyn.  McCoy  says  this  is  very  near  to  his 
Anodontopsis  securi/ormis  from  Benson  Knott.  {CorU.  to 
Fal.,  1854.) 

Fig,    Pal.  Foss.,  fig.  59. 
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CYPRICARDIA  SEMlSULCATA  (Phillips). 

Modiola  (/)  scmisulcata  (Sowerby). 
Orthonota  semisuleaia, 

Loc.     S.  Petherwyn. 

Fig.    Pal  Foss.,  tig.  67. 

Isocardia  axiniformis,  see  CYPRICARDIA  deltoidea. 

MODIOLA  amygdalina  (Phillips). 
Loc.    S.  Petherwyn. 

Fig.     Pal.  Foss.,  fig.  62. 

Modiola  semisulcata,  see  CYPRICARDIA  SEMlSULCATA. 
Orthonota  semisulcata,  see  cypricardla  semisulcata. 
Fecten  altematvs,  see  aviculopecten  alternatus. 
Fecien  arachnoides,  see  aviculopecten  arachnoides. 
Fecten  grantUosus,  see  aviculopecten  granulosus. 
Fecten  pectinoides,  see  aviculopecten  pectinoides. 
Fecten  transversus,  see  aviculopecten  transversus. 
Fosidonia,  see  posidonomya. 
posidonomya  becheri  (Bronn). 

Posidonia  Becheri. 

Loc.     Launceston,  Tresmarrow,  and  Truscott. 
posidonomya  lateralis  (Sowerby). 

Posidonia  lateralis. 
Avicula  oblonga  (Trenkner). 

Loc.     Truscott. 

Fig.     Pal.  Foss.,  fig.  74. 

Fterinea  radiata,  see  AVICULOPECTEN  TRANSVERSUS. 

pterinea  spinosa  (McCoy). 

Loc.  Reported  from  Fowey  and  S.  Petherwyn ;  specimens 
so  named  are  in  the  Penzance  and  Jermyn  Street 
Museums. 

pterin  ea  ventricosa  (Goldfuss). 

Loc.     S.  Petherwyn  according  to  Phillips. 

Fig.     Pal.  Foss.,  fig.  82. 

2  I 
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Pteranites  subradiatus,  see  avicula  subradiata. 

Pullastra  elliptica,  see  ctenodonta  elliptica. 

8ANGUINOLARIA  ELLIPTICA  (Phillips). 

Loc.  S.  Petherwyn  and  Landlake;  Tealmbridge  and 
Underwood  according  to  S.  R.  Pattison  {Trans.  Roy, 
Oeo.  Soc,  Com.,  vii.,  p.  634),  with  another  undetermined 
species  of  Sanguinolaria, 

Fig.    Pal.  Foss.,  fig.  53. 
8AN0UIN0LARIA  SULCATA  (Munster). 

Loc.     S.  Petherwyn. 

Fig.     Pal.  Foss.^  fig.  52. 
SCHIZODUS  DELTOIDEUS  (Phillips). 

Loc.  S.  Petherwyn,  according  to  Etheridge.  {Qtuirt.  Jour. 
Oeo.  Soc.,  xxiii.,  p.  626.) 


V.   UNIVALVES. 

(OASTBROPODA,  PTEROPODA,  HETBROPODA.) 

These  are  generally  rare  in  the  Cornish  rocks  ;  the 
few  that  have  been  discovered  have  been  very  care- 
fully studied  by  Mr.  Whidburne  in  his  Fauna  of 
South  Devon,  published  by  the  Palaeontographical 
Society. 

Acroculia  vetusta  in  part  (Phillips),  A.  compressa  (Roemer), 
and  A.  proeva  (Eichwald),  see  capulus  compressus. 

ANTITROCHUS  ARIETINUS  (Whidbume). 

Fig.     Pl.  xxiii.,  figs.  11-13. 

bellerophon.     This  genus  has  been  variously  described  as  a 
gasteropod,  a  cephalopod,  a  pteropod,  and  a  heteropod. 

bellerophon  bilobatus. 

Loc.     St.  Columb  Porth,  according  to  Peach  (1850). 

bellerophon  bisulcatus  (Salter). 

Loc.     This  is  probably  the  fossil  which  occurs  at  South 
Petherwyn,  and   was  named   by  Phillips  B.  irilobaius, 
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var.  y.  The  same  fossil  has  been  reported  from  Down- 
deny  and  Polperro,  also  from  the  Giant's  Cove,  near 
Newquay.  The  true  B,  trilobattis  appears  to  be  a 
Llandovery  species. 

Fig.     Pal.  Foss.,  fig.  200. 

BELLEROPHON  HIULCUS. 
B.  Wenlockensis  (/). 

Loc,    Yealmbridge  and  Underwood. 

Fig.     Pal.  Foss.,  fig.  203. 

Bellerophon  trilobcUu^,  see  under  B.  BISULCATUS. 
Bellerophon  Wenlockensis,  see  B.  HIULCQS. 

BELLEROPHON  WOODWARDIL 

lAveillia  Woodtoardii  (Newton). 
Nautilus  Woodwardii. 
PUurotomaria  bifida  (Sandberger). 
Porcellia  bifida  (Whidburne). 

Loc.    Downderry,  and  near  Looe  according  to  Peach  and 
Couch. 

Fig.    Pal  Foss.,  fig.  201 ;  and  Whidburne,  F.  of  S.  Z).,  pi.  xxxi., 
figs.  12-14. 

CAPULUS  C0MPRESSU8  (Whidbume). 

Aeroculia  eompressa  (Roemer). 
A.  proeva  (Eichwald). 
A.  vetusta  in  part  (Phillips). 
Capulus  proevus  (Eichwald). 
Pileopsis  eompressa  (Goldfuss). 
Pilcopsis  vetusta  (Sowerby). 

Loc,     S.  Petherwyn. 

Fig.     Pal.  Foss.,  fig.  169  ;  also  Whidburne,  F.  of  S.  D.,  pL  xx., 
figs.  9-11. 

Capulus  proemis,  see  c  compressus. 
CAPULUS  TYL0TU8  (Whidbume). 

Capulus  vetustus  (Morris)  in  part. 
Aeroculia  vetusta  (Phillips)  in  part. 

Loc.     S.  Petherwyn. 

Fig.     Pal.  Foss.y  figs.  169,  a,  c;  also  Whidbume,  pL  xxi.,  figs.  9, 
10,  and  pi.  xxii.,  figs.  1,  2. 

Capulus  vetustus,  see  capulus  compressus  and  c.  tylotus. 

2  I  2 
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CAPULUS,  sp.  A  fossil  referred  to  Acroculia,  now  Capuius, 
was  reported  from  Mellendreth  in  1844. 

COMULARIA.  A  genus  sometimes  assigned  to  the  Pteropoda 
or  Heteropoda,  and  sometimes  to  the  Annelida.  The 
genus  ranges  from  the  Lingula  Flags  to  the  upper 
Carboniferous  strata. 

CONULARIA  QUADRISULCATA. 

Loc.  Eeported  from  the  Gribben  by  Peach  (1844).  The 
specific  determination  is  perhaps  incorrect. 

JEuomphalus  serpens,  E,  planorbis,  K  orbis,  and  K  dymeniaides, 

see  PHILOXENA  SERPENS. 

HOLOPELLA.  A  specimen,  which  may  belong  to  this  genus  or 
to  TURRITELLA.  was  reported  from  Polperro  by  Peach  in 
1844. 

LdveUlia  Woodwardii,  see  bellerophon  woodwakdil 

LOXONEMA.  A  genus  of  turreted  shells,  formerly  believed  to 
extend  into  the  Lower  Silurians,  but  not  thought  now  to 
have  so  great  a  downward  rauge. 

Loxoiuma  communis,  see  L.  nexile. 

LOXONEMA  LINEATA  (MuFchison). 

Loc,  A  species  thus  tentatively  determined  by  Murchison 
in  1846,  from  the  Gorran  beds,  is  perhaps  more  properly 
referred    to    murchisonia   gracilis,  or  it  may  be  a 

HOLOPELLA. 

LOXONEMA  NEXILE. 

Terebra  nexilis  (Sowerby). 
Melania  arcuata  (Miinster). 
Loxoneina  communis. 

Loc.  S.  Petherwyn.  Sowerby*s  type  specimen  from  this 
locality  is  in  the  Cambridge  Museum. 

Fig.     Pal.  Foss.,  fig.  183  a-c, 

LOXONEMA  siNUOSA  (Phillips). 

Terebra  sinuosa  (Sowerby). 

Loc.     S.  Petherwyn. 

Fig.     Pal.  Foss.,  tig.  182. 
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LOXONEMA  TUMIDA  (Phillips). 
Melania  tumida  (Phillips). 

Loc.     S.  Petherwyn. 

Fig.     Pal.  Foss.,  fig.  186. 

Melania  arcuata,  see  loxonema  kexile. 
Melania  tumida,  see  loxonema  tumida. 

MURCHISONIA  ANGULATA  (Phillips). 

M.  turbiiiata  (Schlotheim). 
Bostellaria  angulata  (Phillips). 

Loc.  S.  Petherwyn.  "A  very  variable  shell"  according 
to  Whidburne,  who  gives  a  very  long  list  of  synonyms, 
which  need  not  be  reproduced  here,  and  himself  adopts 
the  name  m.  turbinata,  which  dates  from  the  year  1821. 

Fig.     Pal.  Foss.,  fig.  189  ;  also  Whidburne,  pi.  xxix.,  figs.  1-16  ; 
pi.  XXX.,  figs.  1-12. 

MURCHISONIA  GRACILIS. 

Zoc,     Perhaps  occurs  at  Gorran,  as  stated  under  loxonema 

LINEATA. 

Murchisonia  turbinata,  see  M.  angulata. 
NATICA  NEXicosTA  (Phillips). 

LiUorina  biserialia  (De  Veraeuil). 

L.  llraia  (Sandberger). 

L.  globosa  (Eichwald). 

Not  Natiea  nexicosta  of  Roemer. 

Loc.  S.  Petherwyn  (?).  So  reported  by  Phillips,  but 
Whidburne  questions  its  being  this  species,  or  even  a 
Natiea  at  alL 

Fig.     Pal.  Foss.,  fig.  174,  and  Whidburne,  pi.  xix.,  fig.  1. 

Pileopsis  campressa  and  F.  vetusta,  see  capulus  compressus. 

PHILOXENA  serpens. 

Euomphalus  clymenioides  (Hall). 

E.  orbis  (Eichwald). 

E.  planorbis  (Roemer). 

E.  serpens  (Phillips)  in  part. 

Loc.    S.  Petherwyn. 

Fig.    Pal.  Foss.,  fig.  172,  and  Whidburne,  pi.  xxir.,  figs.  1-6. 
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PLEUROTOMARIA  ANTiTOKQUATA  (Phillips)  in  part. 

SchizostonuUa  aniiiorqucUa  (Monster).' 
Vermeitu  arUitorquaitis  (Morris)  in  part 

Loc.     S.  Petherwyn. 

Fig.  Pal.  Foss.,  p.  96,  fig.  176d  This  is  one  of  the  few  rinis- 
trorsal  shells,  and,  like  many  of  the  other  Petherwyn  fossils,  it 
is  figured  from  specimens  then  in  the  possession  of  Mr.  Pattison. 

PLEUROTOMARIA  ASPBRA  (Sowerby),  (Phillips)  in  part 

P.  inUrstrialis. 

P.  ChudUighensia  (Whidbume). 

Loc.    S.  Petherwyn. 

Fig.  Pal.  Foss.,  fig.  177c  only  according  to  Whidbume.  One  of 
Phillips's  figures  may  be  the  p.  chudleighensis  of  Whidbume ; 
see  his  plate  zxxiii.,  figs.  2,  8. 

Pleurotomaria  bifida,  see  bellerophon  woodwardii. 

PLEUROTOMARIA  CANCELLATA  (Phillips). 

Loc.     S.  Petherwyn ;  also  in  the  Looe  beds  according  to 
R  Q.  Couch  (1844). 

Fig.     Pal.  Foss.y  fig.  176  ;  all  but  176c  according  to  Whidbume. 

PLEUROTOMARIA  CHUDLEIGHENSIS.  See  remarks  under  P.  aspera. 
Porcellia  Ufida,  see  bellerophon  woodwardii. 
Bostellaria  fingulata,  see  murchisonia  angulata. 
Schizostomata  antitorquata,  see  pleurotomaria  antitorquata. 

TBNTACULITKS.  The  fossils  known  hitherto  as  Tentaculites 
belong  to  entirely  different  classes  of  animals  according 
to  Prof.  Nicholson,  the  true  Tcntacidites  being  a 
pteropod.  **The  restricted  genus  .  .  .  may  be  defined 
as  including  small  shells  which  have  the  form  of  straight 
conical  tubes,  tapering  towards  one  extremity  to  a 
pointed,  closed  apex,  and  expanding  towards  the  other 
to  a  rounded  aperture.  The  shell  is  free,  and  the  walls 
thin.  The  sometimes  very  similar  tubicolar  annelides, 
such  as  Gonchicolites  and  Ortonia,  are,  on  the  other  hand, 
often  attached  to  shells,  and  are  often  social."  (GeoL 
Mag.,  1872,  p.  446.) 
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TENTACULITES  ORNATUS. 


Loc,  St.  Veep  according  to  Peach  (1850).  This  species  is 
regarded  as  typical  Silurian  according  to  Murchison, 
ranging  from  the  Caradoc  to  the  Wenlock  strata. 

TROCflUS  HELICIDES. 

Loc.  A  species  so  determined  as  coming  from  a  locality 
"  westerly  from  Downderry  "  was  reported  by  Couch. 

TURRITELLA,  sp. 

Loc.  A  specimen  referred  to  this  genus  or  to  holopella. 
reported  from  Polperro  by  Peach  in  1844. 

Vermetus  antitorqucUiis,  see  pleurotomaria  antitorquatus. 


VI.  CHAMBERED  SHELLS. 
(cephalopoda.) 

These  appear  to  have  been  particularly  numerous 
in  isolated  localities,  and  especially  in  the  seas  in 
which  the  Petherwyn  and  Landlake  limestones  were 
formed,  as  may  be  seen  from  the  following  list : 

ACTiNOCERAS  DEVONICANS  (Whidbume). 

Orthoceras  Ludense  (Phillips). 

0.  dlipticibs  (Miinster). 

0.  bvllatum. 

0.  acuminatum  (Eichwald). 

0.  striatum  (not  0.  striatulum). 

Loc.     S.  Petherwyn  and  Newquay;  also  (perhaps)  Polperro 

and  Coombe  Haven. 

Fig.    Pal.  Fos8.,  fig.  206,  a,  6,  c;    also  Whidbume,  phite  zii., 
figs.  8,  So, 

Actinoceras  Sowerbyi,  see  orthoceras  champernownl 
Aganides  vinctics  (Sowerby),  see  goniatites  insignis. 
Bactrites  gracilis,  see  orthoceras  GRACUiis. 
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CLTMBNIA  BI8ULCATA  (PhUlips). 

Goniatitet  hitulcairu  (Salter). 
G.  stUtntleaiuB  (Brown). 

Loc.    S.  Petherwyn. 

About  1  inch  diameter,  5  to  6  whorls,  according  to  McCoy. 

Clymenia  incequistricUa,  see  clymenia  umdulata« 

CLYMENIA  LCEVIGATA  (Miinster). 
Clymenia  linecnns  (Morris). 

Zoc.     S.  Petherwyn. 

Fig,    Pal,  Foss.,  fig.  239. 

About  2J  inches  diameter,  7  to  8  whorls,  according  to 
McCoy. 

CLYMENIA  mCnsteri  (Morris). 

C.  undtUata  (f). 

Endosiphonites  MiiMteri  (Ansted). 

Loc,    S.  Petherwyn. 

About  3f  inches  in  diameter,  with  6  or  more  whorls, 
according  to  McCoy. 

CLYMENIA  PATTISONII  (McCoy). 

Loc.     S.  Petherwyn. 

About  J  inch  diameter,  5  whorls  (McCoy). 

CLYMENIA  PLURISEPTA  (Phillips). 

Loc.    S.  Petherwyn. 

Fig,    Pal,  Foss.,  fig.  244. 
CLYMENIA  QUADRIFERA. 

Loc,     S.  Petherwyn. 

Allied  to,  but  different  from,  C,  striata;  1 J  inches  diameter, 
4J  whorls  (McCoy). 

CLYMENL/L  SAGITTALIS  (Phillips). 

Loc.    S.  Petherwyn. 

Fig,    Pal.  Foss.,  fig.  243. 

CLYMENIA  STRIATA  (Phillips). 

C,  striata^  var.  costellata  (Munster). 
Loc.     S.  Petherwyn. 

Fig.     Pal.  Foss.,  fig.  240. 

About  1^  inch  diameter. 
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Clymenia  sublcevis,  see  c.  undulata. 
Clymenia  sublinearis,  see  c.  undulata. 

CLYMENIA  UNDULATA  (Morris). 

C.  inaequistriata. 

C.  suhlotois. 

C.  subltjuaris, 

C,  linearis  (Miiaster),  not  C.  linearis  (Morris). 

Endosiphonites  carinatus. 

Endosiphonites  linearis  (Ansted). 

EmlosiphoniUs  minutus. 

Endosiphonites  Munsteri  (part). 

Loc.     S.  Petherwyn. 

Fig.     Pal.  Foes.,  fig.  241. 

7  whorls  ;  about  1\  inches  diameter  (McCoy). 

CLYMENIA  VALIDA  (Phillips). 

Loc.     S.  Petherwyn. 

Fig.    Pal.  Foes.,  fig.  245. 

Cyrtoceras    araiaium    (Steintinger),  see    C    RUSTICUM    and 

C.   NODOSUM. 

CYBTOCERAS  NODOSUM  (Phillips,  not  Bronn). 

C.  arcuatum  (Steintinger)  in  part. 
C.  obliquatum  (Phillips). 
Gyrocercu  cancellatum  (Roeraer). 
G.  quadro-clathratum  (Sandberger). 
Trochocercu  obliquatum  (Phillips). 

Loc.     S.  Petherwyn. 

Fig.    Pal.  Foss.,  fig.  221,  and  Whidbume,  pi.  ix.,  figs.  5,  5a,  56 
6,  6a. 

CYRTOCERAS  RUSTICUM  (Phillips). 

C.  arcuatum  in  part. 
C.  inornatum. 
Orthoceras  arcuatum. 

Loc.     S.  Petherwyn. 

Fig.    Pal.  Foes.,  fig.  222. 

Cycloceras  striatulumy  see  orthoceras  striatulum. 

Undosiphonites  carinattis,  E.  linearis,  E,  minutiLS,  and  E. 
Milnsteri,  see  clymenia  undulata. 
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GONIATITES  BIFERUS  (Phillips). 

Loc.     S.  Petherwyn. 

Fig.    Pal.  Foss.,  fig.  230. 

Ganiatites  hisulcatuSy  see  clymenia.  BisaLCATA. 

GONIATITES  CRENISTKIA  (Phillips). 

Loc.     Truscott  according  lo  Pattison. 

Fig.    Pal.  Foss.,  fig.  234. 

GONUTITES  INSIGNI8  (Phillips). 

G.  vinctus  (Sowerby). 
Aganides  vijictus  (Sowerby). 

Loc.     S.  Petherwyn. 

Fig.    Pal.  Foas.,  fig.  22a 

GONIATITES  INCONSTANS  (Phillips). 

G.  castulatus  (D'Archiaci). 

G.  Wiedungensis  (Waldsniidt). 

Fig.    Pal.  Foss.,  fig.  238,  and  Whidbume,  pi.  v.,  figs.  6,  5a,  6, 
6a,  66. 

GONIATITES  LINEARIS  (Munster). 

Loc.     S.  Petherwyn. 

Fig.     Pal.  Foss.,  fig.  229. 

GONIATITES  MixoLOBUS  (Phillips). 
Loc.     Truscott  according  to  Pattison. 

Fig.    Pal  Fobs.,  fig.  235. 

Goniatites  subsulcattis,  see  clymenia  bisulcata. 
Goniatites  vinctus^  see  G.  insignis. 
Gyroceras  cancellatum,  see  cyrtoceras  nodosum. 
Gyroceras  quadro-clathratum,  see  cyrtoceras  NODOSUM. 

NAUTILUS  MEGASIPHO  (Phillips). 

Loc.     S.  Petherwyn. 

Fig.    Pal.  Fobs.,  fig.  227. 

Orthoceras  arcuatum,  see  cyrtoceras  rdstigum. 
Orthoceras  bullatum,  see  actinoceras  devonicans. 
Orthoceras  cindum,  see  0.  speciosum. 
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ORTHOCERAS  CHAMPERNOWNi  (Whidbume). 

0.  imhricatum  (Phillips,  not  Wahlenberg). 
0,  Sowerbyi  (McCoy). 
0.  imhricatum  (Etheridge). 
Actinocercu  Sowerbyi  (Foord). 

Zoc.     S.  Petherwyn. 

Fig,    Pal.  Foss.j  fig.  207,  and  Whidburne,  pi.  xv.,  figs.  11,  12. 

This  is  not  the  0.  imhricatum  of  Wahlenberg  =  0.  tenui- 

striata  of  Munster  and  0.  lineatum  of  Barrande,  which 

probably    does    not    occur    at    S.    Petherwyn.      See 

Whidburne,  pL  xiii.,  figs.  2,  2a,  26. 

ORTHOCERAS  CYLINDRACEUM  (Sowerby). 

Loc.  S.  Petherwyn.  Reported  also  from  Fowey  (Peach, 
1844),  Porthluney  (Peach,  1845),  and  Gorran  Haven 
(Peach) ;  but  the  last,  at  any  rate,  is  very  doubtfnl. 

Fig.     Pal,  Fobs.,  fig.  213. 
Orthoceras  ellipsoideum,  see  POTERIOCERAS  ELLIP30IDEUM. 

ORTHOCERAS  ENCRINALE. 

Zoc.     Is  thought  to  have  occurred  at  Gorran  Haven. 

ORTHOCERAS  FUSIFORME  (Salter). 

Loc,    S.  Petherwyn  (Salter,  1863). 

ORTHOCERAS  GRACILIS  (Phillips). 
Bactrites  gracilis. 

Loc.  "Occurs  in  the  rocks  to  the  south  of  St.  Austell," 
according  to  McCoy.  A  specimen  so  marked  by  Peach 
is  in  the  Penzance  Museum. 

Orthoceras  ibex,  see  orthoceras  oryx. 

Orthoceras  imhricatua,  see  0.  striatum. 

orthoceras  laterale  (Phillips). 

0.  undulatum  (Sowerby),  but  not  the  fossil  known  by  that  name 

to  foreign  writers. 
0.  simplicissimum  (Sandberger). 
0,  miUtiseptatum  (Roemer). 
0.  grundense  (Clarke). 

Zoc.  Tintagel,  Delabole,  and  S.  Petherwyn,  according  to 
Pattison.  {Trans.  Roy.  Oeo.  Soc.  Corn.,  vii) 

Fig.    Pal.  Foss.,  fig.  205,  and  Whidbume,  pi.  xv.,  figs.  1-5. 

Orthoceras  luclense,  see  actinoceras  devonicans. 


466  A    Working  List  of  the  [Xov.  4, 

Orthoceras  oceana,  see  o.  speciosum. 
ORTHOCERAS  ORYX  (Whidburne). 

0.  ibex  (Sowcrbj). 

0,  PhiUipni  (D'Orbigny). 

Loc.  S.  Petbervyn ;  reported  also  from  Punch's  Cross  by 
McCoy. 

Fig.    Pal.  Fass.,  fig.  208 ;  also  Whidburne,  pi.  xi?.,  fig.  9. 
Orthoceras  Phillipsii,  see  o.  oryx. 

ORTHOCERAS  SPECIOSUM  (MuDSter). 
0.  cinctum  (Sowerby). 
0.  oceani  (D'Orbigny). 

Loc,     S.   Petherwyn,   but  if  so   the  section  is  perfectly 
cylindrical,  and  not  oval,  as  in  other  localities. 
Fitj.    Pal.  Fou.,  fig.  204,  also  Whidburne,  pL  xv.,  figs.  7-9. 

ORTHOCERAS  STRIATUM  (Sowerby). 

0.  imhricatui. 

0.  tenuUtHatus. 

Not  0.  striattUum  (Sowerby). 

Loc.     S.  Petherwyn. 
ORTHOCERAS  STRiATULUM  (Sowerby). 

0.  ca/amiteris  (Miinster). 
Cycloceras  striatulum  (McCoy). 

Loc.  S.  Petherwyn;  also  Fowey,  St  Veep,  and  St  Austell 
Bay,  according  to  Peach  and  McCoy. 

Fi{/.     Pal.  Fo88.,  fig.  212. 

Orthoceras  tejiuistriatum,  see  0.  striatum. 
Orthoceras  undulatum,  see  0.  laterals. 

ORTHOCERAS,  sp. 

Loc.  A  very  fine  specimen  was  found  in  the  year  1880  by 
the  writer  and  Mr.  T.  Clark,  and  presented  to  the  Truro 
Museum. 

Planulites,  see  clymenla. 

poterioceras  elltpsoideum  (Whidburne). 

Orthoceras  elltpsoideum  (Salter). 
Poterioceras  fusi/orme  (Sowerby). 

Loc.     S.  Petherwyn. 

Fig.    Whidburne,  pL  xl,  fig.  1,  la,  16. 

Trochoceras  dbliquatum,  see  cyrtoceras  NODOSUM. 
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VII.  ECHINODERMATA. 

There  is  a  fair  collection  of  the  fragmentary  Cornish 
fossil  echinoderms  in  the  Penzance  Museum,  and  a 
few  good  specimens  in  the  Truro  Museum,  but 
scarcely  any  have  been  specifically  determined  as 
yet  with  accuracy ;  indeed,  there  are  very  few  remains 
other  than  portions  of  columns,  which  rarely  aflford  the 
necessary  data  for  specific  or  even  for  generic  deter- 
mination. In  the  following  list  the  determinations 
must  be  taken  with  due  reserve  and  as  provisional 
only,  since  no  Davidson  or  Whidburne  has  had  the 
opportunity  hitherto  of  studying  and  comparing  the 
fragments.  They  appear,  however,  to  be  nearly  all 
crinoidea. 

Aciinocrinus  moniliformis,  see  PERIECHOCRINUS  MONILIFORMIS. 

ACriNOCRINUS  SIMSII. 

Loc,  Keported  from  "  the  Castle "  at  Fowey  or  Polruan, 
by  Peach.  The  specimen  must  be  iu  our  Museum,  but 
I  have  not  yet  seen  it. 

ACTINOCRINUS  TENUISTRIATUS. 

Loc.      Reported   from   Pridmouth.      A  specimen   in   the 

Museum  according  to  Couch. 

Fig.    Several  of  the  column  joints  and  a  part  of  the  column  in 
elevation  are  figured  in  Pal.  Foss.^  fig.  44. 

ACTINOCRINUS  TRIACONTADACTYLUS. 

Loc.     Reported  from  the  Gribben  by  Peach  (1844). 

Fig.    Pal.  Foss.j  fig.  43;  **  the  proboscoidal  extension  only." 

ADELOCRINUS  HYSTRIX  (Phillips). 

Loc.     Reported  from  Black  Bottle  according  to  Peach. 

Fig.    Pal.  Foss.,  fig.  42.    The  base  of  the  pelvis  or  calyx  and  its 
(comma-shaped)  murications  only. 

CYATHOCRINUS  ANNULATUS. 

Loc.    Trelawne  according  to  Couch. 
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CYATHOCHINUS  ELLIPTICUS. 

Loc,  Said  to  occur  at  S.  Petherwyn  by  Pattison  and  McCoy. 

Fig,    Pal.  Foss.,  fig.  49 ;  several  joints  of  the  colamo,  and  part  of 
one  of  the  arms. 

CYATHOCRINUS  (?)  GKOMETRICUS. 

Loc.    Said  to  occur  at  Fowey. 

Fig,    Pal,  Foss.,  fig.  41  ♦,  pi.  60.    A  portion  of  the  body  or  calyx 
only. 

CYATHOCRINUS  MEGASTILUS. 

'  Loc,    Whitesand  Bay  (Phillips)  and  Permizen  (Dr.  Holl). 

Fig,    Pal.  Pass,,  fig.  47. 
CYATHOCRINUS  NODOSUS. 

Loc.     Chough  Rock  (Peach,  Trans,  R.  0,  S,  C,  voL  vi.) 
Fig.    Pal.  Foss.,  fig,  46.    A  beautifully  nodulated  column. 

CYATHOCRINUS  PINNATUS  (Goldfuss). 

Loc.     Fowey  and  Punch's  Cross,  according  to  McCoy. 

Fig.    Pal.  Foss.,  fig.  45. 
CYATHOCRINUS  PLANUS. 

Loc.     Crinnis  (Peach,  1844). 

JSchinospJiaerites  tesselatus,  see  SPHiERONiTES  tesselatus. 

ENCRINITES.  This  genus,  according  to  Nicholson,  is  altogether 
Triassic.  {Manual  of  Palccontology,  p.  349.)  However,  a 
good  many  of  the  Cornish  echinodermal  remains  have 
been  provisionally  referred  to  this  genus,  though  they 
may  belong  to  Actinocrinus  or  Cyathocrinus.  Thus 
Encrinites  annulatus  is  probably  Cyathocrinus  annulatus. 

ENCRINITES  (?)  GLOMERATUS. 

Loc.    Trelawne  and  Bake,  according  to  Couch.  {Trans.,  vii.) 
PALAEASTER.     A  gcnus  of  Palteozoic   starfishes,  resembling 
the  modern  brittle-stars.     Some  fragments  from  Crinnis 
may  belong  to  this  genus. 

PENTACRINUS.  This  genus  ranges  from  the  Trias  upwards, 
according  to  Nicholson,  so  that  the  specimens  provision- 
ally referred  to  it  by  Peach  (Trans.,  vi.,  p.  12),  which  I 
have  not  yet  identified  in  the  Museum,  must  belong  to 
some  other  genus. 
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PEKIECHOCRINUS  MONILIFORMIS.  • 

Actinocrintu  moniliformis. 

Loc,  A  fine  specimen,  which  may  belong  to  this  species, 
was  found  by  T.  Clark  and  the  writer  at  Crinnis  about 
the  year  1880,  and  is  now  in  the  Truro  Museum. 

PLATYCRiNUS.     This  genus  ranges  from  the   Silurian  to  the 
Carboniferous. 
loc.     Specimens  referred  to  this  genus  have  been  found  at 
East  Looe,  Crinnis,  and  Pridmouth,  according  to  Peach. 

RHODOCRINUS.     A  specimen  so  marked  by  Peach,  from  St. 
^  Catherine's  Point,  is  in  the  Penzance  Museum. 

SPHJ^RONITES  TESSELATUS  (Phillips). 

Echinoaphoerites  tesselatus  (Phillips). 
Sphcerospongia  tesselatiis  (McCoy). 

This  is  probably  a  cystoid,  and  not  a  crinoid,  according  to 
Nicholson. 

Loc.  Eeported  from  Punch's  Cross,  and,  somewhat  doubt- 
fully, from  Trelawne. 

Fig.    Pal.  Foss.,  pi.  69. 


VIII.    CRUSTACEA. 

There  is  a  large  collection  of  crustacean  remains 
(chiefly  trilobites)  in  the  Museum,  and  a  few  in  the 
Truro  Museum.  Much  yet  remains  to  be  done  in 
working  them  out ;  but  the  identifications  so  far 
made  are  much  more  satisfactory  than  those  of  the 
echinoderms.  For  figures  the  principal  references  are 
Salter,  Pal.  Soc,  1862-67,  and  Whidburne,  Pal. 
Soc.y  1888,  plates  i.,  ii.,  iii.  The  synonyms  are  very 
numerous,  as  will  be  seen. 

Acaste,  see  phacops. 

Asaphus  duplicatvs,  see  calymene  duplicata. 

Brongniarti,  see  homalonotus. 


470  A   Working  List  of  the  [Nov.  4, 

CALTMEins.  A  genus  of  well-formed  trilobites,  in  which  the 
separate  lenses  of  the  eyes  are  very  rarely  visible.  In 
Fhacops,  on  the  contrary,  they  are  usually  conspicuous. 

Calymene  acdprina,  see  phacops  latifroks. 

CALYMENE  BLUMENBACHII. 

According  to  Salter  there  are  many  varieties  and  sub- 
species, which  are  commonly  described  by  other  authors 
as  distinct  species. 

Loc,    Murchison  thought  he  recognised  this  species  in  the 
quartzite  of  Gorran  Haven,  together  with  C,  ptUchella. 
Fig,    Salter,  Pal,  See,,  pi.  viil,  figs.  7-16. 

Calymene  brevicapitata,  see  c  cambrensis  and  c.  SENARIA. 

CALYMENE  CAMBRENSIS  (Salter). 
C.  brevicapitata  in  part 

Loc.     Said  to  occur  in  the  Gorran  quartzites. 
Fig.    Salter,  Pal.  SoCj  pi.  ix.,  figs.  12-14. 

CALYMENE  duplicata  (Murchison). 

Asaphtis  duplicatus  (Murchison). 
Loc.     Said  to  occur  in  the  Gorran  quartzites. 

Fig.     Salter,  Pal.  Soc.y  pi.  Ix.,  fi^.  19-24. 

Calymene  granulata,  see  phacops  batracheus. 

Calymene  Jordaniy  C.  latifronSy  C,  Latreilli,  and  C,  mxtcroph- 
thalma,  see  phacops  latifrons. 

CALYMENE  PARVIFRONS  (Salter). 

Loc,  A  specimen  from  Great  Peraver  is  in  the  Museum 
at  Jermyn  Street. 

Fig.     Salter,  Pal.  Soc,  pi.  ix.,  figs.  25-28. 
CALYMKNE  PULCHELLA  (Conrad). 

Loc.     Gorran  Haven  with   C.  Blumenbachii  according  to 

Mui'oliis.'!!. 

Foj.     Salter,  Pal.  6cc.,  pi.  viii. 

CALYMENE  SENARIA  (Conrad). 

C.  brevicapitata  in  part. 
C,  senex. 
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Loc.  It  is  doubtfully  reported  fr6m  the  quartzites  of  Great 
Peraver,  and  there  is,  or  was,  a  specimen  so  marked  in 
the  Museum  at  Jermyn  Street 

Fig.    Salter,  Pal.  Soc.,  pi.  ix.,  figs.  fr-U. 
Calyvune  senex,  see  C.  senaria. 

CALYMENE  STKRNBERGII  (Phillips). 

Zoc.  Reported  doubtfully  from  the  Gorran  rocks  by  Peach 
and  Murchison  (1861),  but  afterwards  discarded  by 
Murchison  (in  1867).  Not  likely,  as  it  is  a  Lummaton 
form. 

Fig.    Whidburne,  pi.  L,  figs.  10-13,  15,  16. 
CALYMENE  TKISTANI. 

Zoc.    Specimens  from  Gorran  Haven  and  (near)  Mevagissey 

are  in  the  Museum  at  Jermyn  Street. 

Fig.    Salter,  Pal.  Soc.,  pi.  ix.,  figs.  15-18.     QIabelU  and  pari  of 
head  only. 

CYPRIDINA  SERRATO-STRIATA  (Saudbcrger). 

Eiitamis  serrato-striata. 

Zoc.    The  soft  shales  at  S.  Petherwyn,  of  which  there  are 

specimens  in  the  Museum  at  Penzance. 
This  is  a  small  marine  entomostracan  allied  to  the  recent 

Ci/pri8. 

Uiitomis  serratO'driata,  see  cypridina  serrato-striata. 

HOMALONOTUs.  This  gcnus,  known  also  as  JBrongniarti,  is 
separated  from  Calymene,  its  nearest  ally,  by  its  want  of 
distinct  trilobation.  (Salter,  Pal,  Soc,  p.  103.) 

HOMALONOTUS  BISULCA.TUS. 
Brongniarti  bisulccUtts. 

Zoc.  A  specimen  supposed  to  belong  to  this  species  is  in 
the  Museum  at  Jermyn  Street,  and  marked  from  Gorran 
Haven. 

Fig.     S Alter,  Pal.  Soc.,  fig.  26  (wood-cut),  p.  112. 

HGMALO.NGTUS  VULCANI. 

Zoc.  Eeported  from  the  Gorran  quartzites,  but  very 
doubtfully. 

2   K 
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PHACOPS.  A  genus  of  trilobites  in  which  the  eyes  are 
distinctly  fitcetted,  forming  a  convex  granulated  surfac& 
Among  the  sub-generaB  included  by  Salter  are  AcasU, 
Cryphoevs,  Trimerocephalus,  etc. 

PHACOPS  (acaste)  apiculatus  (Salter). 

Loc.  Specimens  from  Great  Peraver  and  Gorran  Haven 
are  in  the  Museums  at  Jermyn  Street  and  Penzance. 

Fig,    Salter.  Pal.  Soe.,  pi  1,  figs.  36  3a 
Phacops  arachnoides,  see  P.  laciniatus. 

PHACOPS  BATRACHEUS  (Whidbume). 

P.  granulatiu  (Salter),  but  not  P,  granulatiu  of  Monster,  which 

seems  to  be  the  same  as  his  Calymene  laevU, 
P,  puneUUus  in  part. 
P.  pustulatus. 

Portlockia  granuIcUa  (McCoy). 
Calynune  granulata  (Phillips). 

Loc,     S.  Petherwyn. 

Fig.    Pal.  Fos*.,  figs.  248,  249;  Salter,  Pal.  Soc.,  pL  i,  figs.  1-4; 
Whidbume,  Pal.  Soc.y  pi.  L,  figs.  2-7. 

Usually  "  not  an  inch  long,"  according  to  McCoy. 

The  Calymene  granulata  of  Phillips  is  partly  referred  to 
here,  partly  to  Calymene  duplicata,  which  is  a  Lower 
Silurian  form,  and  partly  to  the  Proetus  avdax  of 
Whidbume.  (PL  ii.,  figs.  5-10.)  This  latter  does  not 
appear  to  be  a  Cornish  form. 

Phacops  cryptophthalmus,  see  P.  latifkons. 

Phacops  granulatus,  see  P.  batracheus. 

Phacops  Jordaniy  see  r.  latifrons. 

phacops  laciniatus  (Salter). 

P.  arachnoides  (Burmeister). 

P.  {cryphoeus)  pu?ictatus  (Steintinger)  in  part. 

Loc.  Trussil  Bridge  and  St.  Keyne,  with  Atrypa  desqua- 
mata,  according  to  McCoy.  Found  also  at  Padstow, 
Permizen  Bay,  Dinas  Cove,  and  Penqueen  according  to 
Dr.  HoU. 

Fig.    Salter,  Pal.  Soc.f  pi.  L,  figs.  17-19. 
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PHACOPS  LATIFRONS  (Phillips). 

P.  cryptophthalmus  (Emmerich). 

P.  LcUreiUi, 

P.  limbcUtts  (Richter). 

P.  Jordani. 

P,  macrop?Uhalmus  (Qoldfoss). 

Calymene  acciprina  (Phillips). 

C.  Jordani, 

C.  latifrons. 

C,  LatreiUi, 

C.  macropththalmcu 

C.  SchloUheimi  (Broun)  [= Ph.  Schlottheimi  (Bronn)]  Ib  longer,  hai 

a  larger  eye,  and  a  different  shaped  glabella  (Whidbume). 
C  tuberculata  (Murchison). 
Portlockia  latifrons  (McCoy). 
Portlockia  macropththalma. 

Loc.  Yealmbridge,  Underwood,  Newquay,  Boseland, 
Prid  mouth  (?). 

Fig.    Salter,  Pal.  Soc.,  pi.  i,  figs.  9,  16 ;  and  Whidbome,  pL  L, 
figs.  8,  8a,  9. 

"  A  large  species,  often  2  J  inches  long  or  even  more,  head 
one-third  of  whole  length,  very  convex  eye,  about  54 
lenses." 

Phacops  Jordani^  see  P.  latifrons. 

Phacops  latreilli,  see  P.  latifrons. 

PJiacops  macrophthalmus,  see  P.  LATIFRONS. 

PHACOPS  (acaste)  mimus  (Salter). 

P.  minimns. 

Loc.  A  specimen  from  Great  Peraver  or  Gorran  Haven  is 
in  the  Museum  at  Jermyn  Street. 

Fif/.     Salter,  Pal,  Sac,  pi.  i.,  fig.,  35. 
Phacops  minimus,  see  P.  MIMDS. 

Phacops  punctatuSy  see  P.  batracheus  and  P.  laciniatus. 
Phacops  pustulatus,  see  P.  batracheus. 

PHILLIPSIA,  Sp. 

Loc.     Eeported  from  Padstow. 

Portlockia  granulata,  see  phacops  batracheus. 

Portlockia  laJtifronSy  see  phacops  latifrons. 

Portlockia  macropththalma,  see  phacops  latifrons. 

Proetus  audax.     See  remarks  under  phacops  batracheus. 

2  K  2 
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IX.      PISCES. 

(FIUH  RfEMAlNS.) 

The  fish  remains  hitherto  found  in  the  Cornish  rocks 

are   usually   very   fragmentary,    though   sufficiently 

abundant   in   certain   localities,  and   particularly  in 

Lantivet  Bay,  near  Polperro,  and  near  Portwrinkle. 

In  this  latter  locality  Mr.  Pengelly  found  a  mass  of  blue 

slate  crowded  with  icthyolites,  "a  catacomb  of  ancient 

fish,"  striated  and  cellular  fragments ;   and,  east  of 

this,  one  specimen  13  inches  by  2  J  inches,  as  well  as 

**  another  rock  replete  with  icthyolites."    Fish  remains 

have  also  been  found  on  the  north  coast  in  several 

localities.      There   are   plainly   several   species,    and 

these    are   for   the   most  part    diflferent    from    the 

specimens  found  in  the  Ludlow  beds,  and  still  more 

different  from  those  of  the  Old  Red  Sandstone. 

Probably  the  finest  collection  is  that  in  the 
possession  of  Mr.  Pengelly ;  but  there  are  many 
frac^ments  in  the  British  Museum,  as  well  as  in  the 
Museums  in  Jermyn  Street  and  at  Truro,  and 
particularly  in  our  Museum  at  Penzance,  which  are 
now  for  the  first  time  available  for  systematic  study. 
I  have  not  yet  been  successful  in  identifying,  or 
even  discovering,  all  the  specimens  described  and 
figured  so  many  years  ago  by  Mr.  Peach.* 

♦  Cue  of  the  specimens  picked  up  iu  1849,  and  packed  away  for 
nearly  20  years,  is  descriV>ed  as  "  a  nice  but  imperfect  dorsal  plate  of 
Pteraspis.  It  is  6i  inches  in  len^^th,  beautifully  marked  with  delicate 
waved  lines,  and  under  these  in  places  tubercles,  and  below  all  a 
reticulated  network."  (Peach,  Trans,  Roy.  Geo.  Soc.  Com.^  ix.,  p.  32, 
1868.)  On  paj^e  33  he  says,  "I  have  enclosed  &  tracing  of  my  large 
specimen."    This  I  have  not  yet  seen.    Prof.  E.  Ray-Lankeater  says : 
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Mr.  Peach  very  truly  says  "  most  of  the  fossils  [are] 
of  a  beautiful  shining  jet  black,  and  have  that 
enamelled  appearance  and  granular  structure  peculiar 
to  the  fishes  of  the  Old  Red  Sandstone." 

The  determinations  given  below,  and  particularly 
as  regards  the  species,  must  be  regarded  as  tentative 
only  for  the  most  part ;  I  of  course  include  all  the 
names  and  synonyms  which  have  been  provisionally 
applied  by  the  various  writers  to  whom  reference 
is  made,  though  it  is  quite  probable  that  different 
parts  of  the  same  fish  have  received  different  names. 

Auchenaspis  omatus,  see  CTENACA.NTHas  ornatus. 

ASTEROLEPIS,  Sp.  • 

Zoc.  Cross-sand  Point,  near  Looe;  Polperro,  Lantivet 
Bay.  (Peach,  1848 ;  Couch,  1850.) 

Hugh  Miller  thought  one  of  the  fossils  from  Lantivet  Bay 

resembled  Asterolepis,     "  This  is  the  only  specimen  Mr. 

Miller  could  identify  as  agreeing  with  any  of  the  fisheis 

of  the  Old  Eed  Sandstone."     Another  palaeontologist, 

"one  of   the  most  eminent,"  no  doubt  Sir  P.  Egerton, 

"  could  not  identify  one,"  i.e.,  as  belonging  to  the  Old  Eed. 

"  Mr.  Pengelly  has  a  fossil  resembling  an  Asterolepis 

shoulder-plate   from    Cross-sand   Point,   Looe."  (Peach, 

Tran^. R.G.S'.C,  vii.. pp.  123,313;  Pengelly, /6w?.,p.2l3.) 

Fig.  Asterolepis  (portions  of)  is  figured  by  Murchison  in  his 
Siluria,  4th  edition,  pi.  xxxvii.,  figs.  1-3;  and  the  star-like 
scales  from  Lantivet  Bay,  Cornwall,  are  figured  by  Mr.  Peach. 
{Trans.  R.  G.  S.  C,  vii.,  pi.  iii.,  figs.  1,  2.) 

Bothriolepis.   See  remarks  under  holoptychius  nobillissimus. 

**  Innumerable  remains  of  the  shields  of  a  Scaphaspis  more  than  a  foot 
long,  fragments  of  Cephalaspisy  numerous  spines,  and  other  indetermin- 
able fragments,  besides  the  splendid  scale  and  spine  assigned  by  Mr. 
Pengelly  respectively  to  FhyUolepis  and  Ctenacanthus,  are  the  fish, 
remains  of  these  beds.  Mr.  Pengelly,  Mr.  Peach,  and  the  Royal 
Geological  Society  of  Cornwall  have  kindly  lent  me  their  specimens 
for  further  examination."  (*'  Old  Red  Sandstone  Fishes,"  Pal.  Soc,  1870, 
p.  61.)-J.  H.  C. 
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CEPHALA8PIS  LYELLII. 

Zoc.    Polperro.  (Peach,  1844 ;  Couch,  1850.) 

Fig.  Cephakupis  Lyellii  is  figured  in  Murchison's  SUuria,  and, 
still  better,  as  Eucephodagpu  Agassiziif  £.  Lyellti,  and  K 
Pawrei,  in  Ray-Lankester's  "Old  Red  Sandstone  Fishes,"  iW. 
Soc.f  1870,  plate  viii.,  etc. 

Obs.  Mr.  Peach  found  many  fragments  which  he  thought 
to  belong  to  this  species  at  Polperro  in  1843,  including 
"  part  of  a  lateral  horn "  and  certain  "  scales/'  "  rhom- 
boidal  and  lozenge-shaped  as  in  Miller,  pi.  vi.,  viL,  viii" 
Also  long  specimens,  each  end  divided  into  a  pyramidal 
form  locking  alternately  into  the  adjoining  scales. 
Some  of  the  fragments  referred  by  McCoy  to  his 
Steganodidyum  Carteri  may  perhaps  belong  here,  but 
more  likely  are  referable  to  Pteraspis  or  Scaphaspis. 
Cephalaspis  omatus,  see  ctenacanthus  ornatus. 

CHEIRACANTHUS  (?),  sp. 

Loc,     Polperro  (Peach,  1844). 

Fig,  A  group  of  scales,  which  Mr.  Peach  refers  to  this  species,  is 
beautifully  figured  by  him  in  Trans.  Roy.  Geo.  Soc.  Cam.,  m.  L, 
figs.  6,  6. 

CTEN ACANTHUS  0RNATU8. 

Loc.     Polperro  (Peach,  1844). 

Fig.  Murchison  figures  a  portion  of  the  spine  of  this  fish  in 
SiluriUf  pi.  XXX  vii.,  fig.  6. 

The  Cornish  specimens  variously  referred  to  Cephalaspis 
omatus  and  Auchenaspis  ornatus  are  perhaps  to  be 
referred  here.  Probably  the  same  as  Ray-Lankester's 
Hemicyclaspis  Murchisonii. 

JEticephalaspis,  see  cephalaspis  lyellii. 

EUKERASPis  PUSTULIKERUS  (Ray-Laukester). 

Plectrodus  mirahilis  (Agassiz). 
Sclerodus  pu9tuliferu8  (Agassiz). 

Loc.     Polruan  (Couch,  1850). 

Fig.  Ray-Lankester,  pL  xiii.,  figs.  9-14,  and  woodcuts  31,  32. 
Peach's  fig.  7,  pi.  i.,  Trans.  R.  G.  S.  C,  vii., 'is  not  very  unlike 
figs.  9-12  of  pi.  XXXV.  Murcliison's  Siluria,  4th  edition. 

HOLOPTYCHIUS  NOBILLISSIMUS. 

Loc.     Polperro  (Peach,  1844). 

Fig.  Agassiz,  pi.  ii.,  his;  also  Pal.  Foss.,  figs.  256,  257,  are 
somewhat  similar  scales  from  N.  and  S.  Devon. 
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Obs.  According  to  Murchison  Peach's  specimen  is  not 
H,  nobUlissimus,  Perhaps  it  may  be  the  Bothriolepis  of 
Egerton.  Prof.  Eay-Lankester  mentions,  in  a  private 
note  with  which  he  favoured  me  in  1881,  "  a  scale  like 
Holoptychiusy 

ICTHYODOKUUTES,  or  Fish-defences,  are  found  in  considerable 
abundance,  and  have  been  provisionally  referred  to 
Onchtis  and  Ctenacanthus, 

ONCHUS. 

Loc.     Polperro  and  Lantivet  Bay  (Peach,  1844,  1847). 

Fig.  See  Murchison,  figs.  13-17  of  plate  xxxv.,  Siluria, 
4th  edition.  The  beautiful  spines  from  the  above 
localities,  figured  by  Peach,  Trans,  Bay.  Geo.  Sac.  Com., 
pi.  i,  figs.  1-4,  were  not  unlike  0.  ienuirostris  or  0. 
tenuiserratus  of  Egerton  and  Agassiz.  Murchison  says 
it  is  not  0.  Murchisonii,  may  perhaps  be  a  Ctenacanthus. 
(See  Trans,  Roy.  Geo.  Soc.  Com.,  vi.,  p.  320.)  A  spine 
"from  the  north  coast,"  according  to  Peach.  (Trans. 
Roy,  Geo.  Soc.  Com.,  vii.,  pp.  100-105.) 

PHYLLOLEPIS  CONCENTKICUS. 

Loc.     A   scale  from  "near  Looe"  is,  I  believe,  in  the 

collection  of  Mr.  Pengelly. 

Fig.  Tab.  24,  fig.  i.,  of  Agassiz  (Poissaiu  Fostiles,  1844-5),  ia  a 
large  and  beautiful  figure. 

Plectrodus  pustuliferus,  see  eukeraspis  pustuliferus. 

PTERASPIS  CORNUBICUS. 

Scaphaspia  Camubicus  (Ray-Lanke8ter)< 
Steganodictyum  Camubicus  (McCoy). 

Zoc.     Lantivet  Bay,  in  abundant  fragments,  which  may  be 

generally    recognized    by   their    black,    finely -striated 

surfaces. 

Fig.  Fragments  referred  to  this  species  by  Peach  are  figured  by 
him  in  Trans.  R.  G.  S.  C,  vii.,  pi.  ii.  The  genus  and  its  allies 
are  well  represented  in  Prof.  Ray-Lankester's  work,  but  the 
figures  do  not  include  any  of  the  Cornish  fossils.  The  fossils 
referred  to  Scaphaspis  by  Ray-Lankester  are  now,  I  believe, 
regarded  as  the  ventral  plates  of  Pteraspis  {Steganodictyum) 
Carteri,  &c. 
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PTERASPIS  CAKTERI. 

Loc.    Lantivet  Bay  and  Bedruthan,  according  to  Peach  and 

others. 
Obs.     In  this  species  the  striations  are  coarser  than  in 

S.  CornvMcus,  and  the  fragments  are  much  leas  common. 

ScaphaspU,  see  pteraspis  cornubicds. 

SPHAGODUS  PKISTODONTUS. 

Loc.     Polperro  and  Lantivet  Bay  (Peach,  1844,  1847,  etc.). 

Fig,  Siltiria,  pL  xzzv.,  figs.  1,  2 ;  also  Trans.  B.  G.  S.  C,  vii., 
pi.  ii.,  figs.  11,  12,  which  are  not  unlike  rubbed  down  portions  of 
the  skin  or  shagreen  of  Sphagodus  pristadontus. 


Note. — Many  dark  coprolitic  bodies  are  found  in  the  slates 
and  shales  of  Polperro  and  Fowey.  These  contain  both  lime 
and  phosphoric  acid,  but  the  few  which,  have  been  examined 
in  their  sections  under  the  microscope  do  not  exhibit  any 
marked  evidence  of  organic  structure. 

X.   PLANTiE. 
(plant   remains.) 

These  are  extremely  rare,  except  in  the  dark 
carbonaceous  shales  of  the  Bude  region,  and  being 
usually  pyritous,  they  are  often  ill-preserved  while  in 
situ,  and  readily  destructible  when  placed  in  museums. 
The  following  are  all  which  have  been  provisionally 
determined : 

ASTEROPUYLLITES. 

Loc.  Plants  referred  to  this  genus,  but  of  undetermined 
species,  occur  at  Bude  according  to  Morris,  as  in  the 
corresponding  beds  in  N.  Devon. 

CALAMITES. 

Loc.  Fragments,  with  other  reed-like  stems,  are  found  in 
the  road  cutting  between  Callingtou  and  Launceston. 
About  four  miles  from  Callington,  according  to  Pattisou. 

CALAMITES  NODOSUS. 

Loc.  Probably  occurs  in  the  neighbourhood  of  Bude  and 
Truscott,  as  in  the  corresponding  beds  in  N.  Devon. 
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CALAMITES  STEINHAUERI. 

Zoc.  Probably  occurs  in  the  neighbourhood  of  Bude  and 
Truscott,  as  in  the  corresponding  beds  in  N.  Devon. 

CALAMITES  SUCCOVII. 

Loc.  Somewhat  doubtfully  determined  in  specimens  from 
Bude  by  Mr.  John  Morris  in  MS.  notes  given  to  Mr. 
Pattison. 

CYPERITES. 

Loc,  Somewhat  doubtfully  determined  in  specimens  from 
Bude  according  to  Mr.  John  Morris. 

EOPHYTON. 

Loc.  Reported  somewhat  doubtfully  by  Mr.  Peach  from  the 
quarry  opposite  the  mineral  floors  at  Hayle.  "  Calamite- 
looking  impressions."  (See  Trans.  R.  6.  S.  C,  ix.,  p.  57.) 

FRUITS  (undetermined). 

Loc.     Reported  from  Bude  by  Pattison  and  others. 

FUCOIDS. 

Loc.  S.  Petherwyn,  Port  Wrinkle  (1  mile  E.  of),  Lantivet 
Bay,  etc.     See  also  vegetable  impressions,  in/rd. 

LEPIDODENDRON. 

Loc.     Bude  (?). 

NEUROPTERIS  GIGANTEUS. 

Loc,  Doubtfully  reported  from  Bude  specimens  by  Mr, 
John  Morris. 

POACITES. 

Loc.  Various  undetermined  species  occur  at  Bude  and 
Truscott  according  to  Mr.  John  Morris. 

SIGILLARIA  INCERVULARIA. 

Loc.  Doubtfully  determined  from  Bude  specimens  by  Mr. 
John  Morris. 

8TERNBERGIA. 

Loc.  Doubtfully  determined  from  Bude  specimens  by  Mr. 
John  Morris. 

VEGETABLE  IMPRESSIONS. 

Loc.  Eoseland  (Giles,  Trans,  Roy.  Oeo.  Soc,  Com.,  vii.,  93), 
Newquay  (Pattison),  and  Polruan. 


THE  AGE  AND  HISTORY  OP  THE  GRANITES 
OF  DEVON  AND  CORNWALL. 

By  R  N.  Worth,  F.G.S. 

(Read  4th  November,  1892.) 


The  granites  of  Devon  and  Cornwall  are  the  most 
important  series  in  the  kingdom,  and  Dartmoor  is 
the  largest  area  of  granite  in  England.  For  many 
years  geologists  generally  were  content  to  accept  the 
views  of  the  age  and  history  of  these  granites  as  set 
forth  by  De  la  Beche  and  others  of  his  time,  w^ho 
regarded  them  as  intrusive  masses,  with  subterranean 
connections,  Godwin-Austin  treating  the  Dartmoor 
granites  as  of  three  periods— one,  that  of  the 
ordinary  granite ;  another,  that  of  the  schorlaceous 
granite ;  and  a  third,  that  of  the  elvans  or  felsites. 
Among  the  first  to  question  this  view  was  Mr. 
Pengelly,  F.R.S.,  who  placed  all  the  granites  proper 
— normal  and  schorlaceous — in  one  class,  and  the 
elvans  or  felsites  in  another,  and  thus  reduced  the 
periods  to  two.  There  could  be  no  doubt  that  the 
elvans  were  later  than  the  granites,  which  they 
traversed  as  well  as  the  adjacent  rocks. 

More  recently  the  kindred  questions  of   the  age 
and  history  of  our  granites  and  their  felsitic  allies 
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have  been  made  the  subject  of  investigation  by 
several  inquirers,  and  they  are  under  investigation 
now.  In  truth  the  problems  involved  are  not  so 
simply  settled  as  at  first  appeared  likely,  and  possibly 
more  than  one  solution  will  have  to  be  adopted  to 
meet  the  varying  conditions  of  the  case. 

Mr.  W.  A.  E.  Ussher,  F.G.S.,  arguing  in  1888  on 
the  facts  observed  by  him  in  the  Dartmoor  region, 
contended  that  on  the  intrusive  hypothesis  there  was 
no  evidence  of  such  a  displacement  as  would  result 
from  the  removal  of  the  rock  through  which  the 
granite  was  thrust,  and  that  there  was  no  such  dis- 
placement of  the  surrounding  stratified  rocks  as  there 
seemed  a  right  to  expect  from  upheaval ;  in  short, 
nothing  approaching  a  quaquaversal  dip.  His  sugges- 
tion, therefore,  was  that  the  Dartmoor  granite  formed 
a  gigantic  **  laccolite  '* ;  that,  in  short,  it  had  been 
intercalated  between  the  strata,  instead  of  breaking 
through  or  definitely  uplifting  them. 

Much  about  the  same  time,  but  a  little  earlier,  and 
reasoning  from  the  generally-accepted  fact  that 
granite  is  a  plutonic  rock,  which  must  have  solidified 
under  great  pressure,  and  that  it  is  simply  the 
equivalent  of  a  phase  of  volcanic  rock — the  same 
magma  producing  one  or  the  other,  in  depth  or  at 
surface — I  suggested  that  in  Dartmoor  we  had  the 
basal  remains  of  a  volcano,  the  superstructure  of 
which  had  been  removed.  That  there  must  have  been 
an  important  superstructure  to  supply  the  pressure 
needful  for  the  formation  of  the  granite  seemed 
clear ;  and  the  analogy  of  other  localities  also  gave 
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weight  to  the  suggestion.  My  own  view  of  the 
difficulty  raised  by  Mr.  Ussher  with  regard  to  the 
absence  of  quaquaversal  dip,  &c.,  was  that  there  had 
been  a  large  amount  of  translation — that  the  actual 
breaking  through  had  been  comparatively  limited,  its 
effects  removed ;  and  that  the  rocks  interfered  with  had, 
to  a  large  extent,  been  thrust  aside  rather  than  uplifted. 

A  paper  was  read  by  Mr.  Ussher  on  the  "  Devon 
and  Cornish  Granites"  at  the  last  meeting  of  the 
British  Association,  of  which  an  abstract  appears  in 
the  October  number  of  the  Geological  Magazine 
(pp.  467-468).  Mr.  Ussher  therein,  accepting  the 
existence  of  the  subterranean  connection  between  the 
Devon  and  Cornish  granites,  abandoned  the  laccolite 
hypothesis,  but  argued  at  the  same  time  that  this 
connection  "  contradicts  the  suggestion  of  the 
upheaval  of  the  granites  in  or  through  their  sur- 
roundings." He  added  that,  *'from  the  relations  of 
the  stratified  rocks  to  the  granites  of  Devon  and 
Cornwall,  there  is  no  obtainable  evidence  as  to  the 
uj^heaval  of  the  latter." 

His  general  conclusion  is  **  that  the  sites  of  the 
Devon  and  Cornish  granite  masses  were  occupied  by 
the  granites  or  pre-existent  and  subterraneously  con- 
nected rocks  of  pre-Devonian  age,  which  had  in  a 
rigid  state  exercised  an  obstructive  influence  on  the 
north  and  south  movements,  and  had  thereby  pro- 
duced great  mechanical  effects  on  the  surrounding 
strata  prior  to  the  alteration  of  the  latter. 

**The  contact  alteration  of  the  stratified  rocks 
seems  to  be  coeval  with  the  metamorphism  of  these 
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jient  masses  and  the  coDsequent  genesis  of  the 
nites  in  their  present  form  during  the  later  stages, 
at  the  close,  of  the  Carboniferous  epoch.  The 
rusion  of  granitoid  rock  perhaps  accompanied, 
tainly  succeeded,  the  solidification  of  the  granites, 
1  continued  at  intervals  down  to  the  Permian 
irtz-porphyries." 

Now,  while  to  a  large  extent  agreeing  with  the 
al  opinions  here  expressed,  I  quite  fail  to  see  how 
5  subterranean  connection  between  the  granites  of 
von  and  Cornwall  "  contradicts  the  theory  of  the 
heaval  of  the  granite."  Of  course  it  has  not  been 
heaved  through  its  surroundings  where  it  is  subter- 
lean,  and,  indeed,  had  it  reached  the  surface  it 
uld  have  ceased  to  be  granite  at  all.  There  must 
a  base  even  to  a  granite  boss  or  chain  of  bosses. 
M  do  I  think  it  needful  to  go  back  to  the  origin  of 
I  granite  material.  What  our  granite  was  before  it 
3ame  our  granite  is  not  very  material  to  the  present 
quiry,  save  in  one  point.  It  must  have  been 
nething  or  other.  But  we  may  take  it  now  as 
ictically  undisputed  that  the  limit  of  the  Western 
mite  in  antiquity .  is  the  Carboniferous  system,  as 
3ven  by  the  fact  that  in  Devon  granitic  veins 
Lverse  unquestionably  Carboniferous  rocks. 
The  one  point  in  which  the  character  of  the 
ginal  material  of  our  granites  is  important,  is 
licated  in  connection  with  a  recent  theory  of  the 
•mation  of  intrusive  rocks,  namely,  by  replacement 
:her  than  displacement  This  is  well  set  forth 
an  article  by  Mr.  J.  G.  Goodchild,  F.G.S.,  also  in 
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IX.      PISCES. 

(F18H  REMAINS.) 

The  fish  remains  hitherto  found  in  the  Cornish  rocks 
are  usually  very  fragmentary,  though  sufficiently 
abundant  in  certain  localities,  and  particularly  in 
Lantivet  Bay,  near  Polperro,  and  near  Portwrinkle. 
In  this  latter  locality  Mr.  Pengelly  found  a  mass  of  blue 
slate  crowded  with  icthyolites,  "a  catacomb  of  ancient 
fish,"  striated  and  cellular  fragments ;  and,  east  of 
this,  one  specimen  13  inches  by  2  J  inches,  as  well  as 
"another  rock  replete  with  icthyolites."  Fish  remains 
have  also  been  found  on  the  north  coast  in  several 
localities.  There  are  plainly  several  species,  and 
these  are  for  the  most  part  diff'erent  from  the 
specimens  found  in  the  Ludlow  beds,  and  still  more 
diSerent  from  those  of  the  Old  Ked  Sandstone. 

Probably  the  finest  collection  is  that  in  the 
possession  of  Mr.  Pengelly ;  but  there  are  many 
fragments  in  the  British  Museum,  as  well  as  in  the 
Museums  in  Jermyn  Street  and  at  Truro,  and 
particularly  in  our  Museum  at  Penzance,  which  are 
now  for  the  first  time  available  for  systematic  study. 

I  have  not  yet  been  successful  in  identifying,  or 
even  discovering,  all  the  specimens  described  and 
figured  so  many  years  ago  by  Mr.  Peach.* 

*  Oue  of  the  specimens  picked  up  iu  1849,  and  packed  away  for 
nearly  20  years,  is  described  as  "a  nice  but  imperfect  dorsal  plate  of 
Pteraspis.  It  is  6i  inches  in  len^^th,  beautifully  marked  with  delicate 
waved  lines,  and  under  these  in  places  tubercles,  and  below  all  a 
reticulated  network."  (Peach,  Trans.  Roy.  Geo.  Soc.  Corn.,  ix.,  p.  32, 
1868.)  On  page  33  he  says,  "I  have  enclosed  a  tracing  of  my  large 
specimen."    This  I  have  not  yet  seen.    Prof.  E.  Ray-Lankester  says: 
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Mr.  Peach  very  truly  says  "  most  of  the  fossils  [are] 
of  a  beautiful  shining  jet  black,  and  have  that 
enamelled  appearance  and  granular  structure  peculiar 
to  the  fishes  of  the  Old  Ked  Sandstone." 

The  determinations  given  below,  and  particularly 
as  regards  the  species,  must  be  regarded  as  tentative 
only  for  the  most  part ;  I  of  course  include  all  the 
names  and  synonyms  which  have  been  provisionally 
applied  by  the  various  writers  to  whom  reference 
is  made,  though  it  is  quite  probable  that  diflferent 
parts  of  the  same  fish  have  received  different  names. 

Auchenaapis  07matus,  see  ctenaca.nthus  ornatus. 

ASTEROLEPIS,  Sp.  • 

Zoc.  Cross-sand  Point,  near  Looe;  Polperro,  Lantivet 
Bay.  (Peach,  1848 ;  Couch,  1850.) 

Hugh  Miller  thought  one  of  the  fossils  from  Lantivet  Bay 

resembled  Asterolepis.     "  This  is  the  only  specimen  Mr. 

Miller  could  identify  as  agreeing  with  any  of  the  fishes 

of  the  Old  Red  Sandstone."     Another  palaeontologist, 

"one  of  the  most  eminent,"  no  doubt  Sir  P.  Egerton, 

"  could  not  identify  one,"  i.e,,  as  belonging  to  the  Old  Red. 

"  Mr.  Pengelly  has  a  fossil  resembling  an  Asterolepis 

shoulder-plate   from   Cross-sand   Point,   Looe."  (Peach, 

Trans,  R.G.SlC.,\iK^\^.  123,313;  Pengelly, /6irf., p. 2 1 3.) 

Fig.  Asterolepis  (portions  of)  is  figured  by  Murchison  in  his 
Siluria,  4th  edition,  pi.  xxxvii.,  figs.  1-3;  and  the  star-like 
scales  from  Lantivet  Bay,  Cornwall,  are  figured  by  Mr.  Peach. 
{Trans.  R.  G.  S.  C,  vii.,  pi.  iii.,  figs.  1,  2.) 

Bothriolepis.   See  remarks  under  holoptychius  nobillissimus. 

"  Innumerable  remains  of  the  shields  of  a  Scaphaspis  more  than  a  foot 
long,  fragments  of  Cephalaspis,  numerous  spines,  and  other  indetermin- 
able fragments,  besides  the  splendid  scale  and  spine  assigned  by  Mr. 
Pengelly  respectively  to  Phyllolepis  and  Ctenacanthus,  are  the  fish 
remains  of  these  beds.  Mr.  Pengelly,  Mr.  Peach,  and  the  Royal 
Geological  Society  of  Cornwall  have  kindly  lent  me  their  specimens 
for  further  examination."  (*'  Old  Red  Sandstone  Fishes/'  Pal.  Soc,  1870, 
p.  61.)-J.  H.  C. 
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CEPHALASPIS  LYELLII. 

Loc.    Polperro.  (Peach,  1844 ;  Couch.  1850.) 

Fig.  C^hcdagpis  Lyellii  is  figured  in  Murchison's  Siluria,  and, 
still  better,  as  Eticephalcutpis  Agassiziiy  E.  Lydlii,  and  K 
Fowreif  in  Ray-Lankester's  ''Old  Red  Sandstone  Fishes,"  Pal. 
Soc.f  1870,  plate  viii.,  etc 

Obs,  Mr.  Peach  found  many  fragments  which  he  thought 
to  belong  to  this  species  at  Polperro  in  1843,  including 
"  part  of  a  lateral  horn "  and  certain  "  scales,"  "  rhom- 
boidal  and  lozenge-shaped  as  in  Miller,  pi.  vi.,  viL,  viii." 
Also  long  specimens,  each  end  divided  into  a  pyramidal 
form  locking  alternately  into  the  adjoining  scales. 
Some  of  the  fragments  referred  by  McCoy  to  his 
Steganodidyiim  Carteri  may  perhaps  belong  here,  but 
more  likely  are  referable  to  PteraspU  or  Scaphaspis, 
Cephodaspis  ornatus,  see  cten acanthus  ornatus. 

CHEIRACANTHUS  (?),  Sp. 

Loc,     Polperro  (Peach,  1844). 

Fig,  A  group  of  scales,  which  Mr.  Peach  refers  to  this  species,  is 
beautifully  figured  by  him  in  Trans,  Roy.  Geo.  Soc,  Com.,  vii.  l, 
figs.  5,  6. 

CTEN ACANTHUS  ORNATUS. 

Loc.     Polperro  (Peach,  1844). 

Fig.  Murchison  figures  a  portion  of  the  spine  of  this  fish  in 
Siluria,  pi.  xxxvii.,  fig.  6. 

The  Cornish  specimens  variously  referred  to  Cephalaspis 
amatus  and  Atcchenaspis  omatus  are  perhaps  to  be 
referred  here.  Probably  the  same  as  Kay-Lankester's 
Hemicyclaspis  Murchisonii. 

Eucephalaspis,  see  cephalaspis  lyellii. 

EUKERASPis  PUSTULIFERUS  (Ray-Lankester). 

Plectrodus  mirabilis  (Agassiz). 
Sclerodus  pustuli/erus  (Agassiz). 

Loc.     Polruan  (Couch,  1850). 

Fig.  Ray-Lankester,  pL  xiil,  figs.  9-14,  and  woodcuts  31,  32. 
Peach's  fig.  7,  pi.  i.,  Trans.  R.  G.  S.  C,  vii.,"is  not  very  unlike 
figs.  9-12  of  pi.  XXXV.  Murchison's  Siluria,  4th  edition. 

HOLOPTYCHIUS  NOBILLISSIMUS. 

Loc,     Polperro  (Peach,  1844). 

Fig.  Agassiz,  pi.  ii.,  bis;  also  Pal.  Foss.,  figs.  256,  257,  arc 
somewhat  similar  scales  from  N.  and  S.  Devon. 
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Ohs.  AccordiDg  to  Murchison  Peach's  specimen  is  not 
H,  nobUlissimiis.  Perhaps  it  may  be  the  Bothriolqpia  of 
Egerton.  Prof.  Eay-Lankester  mentions,  in  a  private 
note  with  which  he  favoured  me  in  1881,  **  a  scale  like 
Holoptyckitis!* 

ICTHYODORULITES,  or  Fishrdefences,  are  found  in  considerable 
abundance,  and  have  been  provisionally  referred  to 
OnchiLS  and  Ctenacanthus, 

ONCHUS. 

Loc,     Polperro  and  Lantivet  Bay  (Peach,  1844, 1847). 

Fig,  See  Murchison,  figs.  13-17  of  plate  xxxv..  Siluria, 
4th  edition.  The  beautiful  spines  from  the  above 
localities,  figured  by  Peach,  Trans.  Roy.  Geo.  Soc.  Cam., 
pi.  i.,  figs.  1-4,  were  not  unlike  0.  tenuirostris  or  0. 
tenuiserratns  of  Egerton  and  Agassiz.  Murchison  says 
it  is  710^  0.  Murchtsonii,  may  perhaps  be  a  Ctenacanthus. 
(See  Trans.  Roy.  Geo.  Soc.  Com.,  vi.,  p.  320.)  A  spine 
"from  the  north  coast,"  according  to  Peach.  {Trans. 
Roy.  Oeo.  Soc.  Com.,  vii.,  pp.  100-105.) 

PHYLLOLEPIS  CONCENTRICUS. 

Loc.    A   scale   from  "near  Looe"  is,  I   believe,  in  the 

collection  of  Mr.  Pengelly. 

Fig.  Tab.  24,  fig.  i.,  of  Agassiz  {Paissons  Fostiles^  1844-5),  is  a 
large  and  beautiful  figure. 

Plecirodvs  pustuli/erus,  see  eukeraspis  pustulifebus. 

PTERA8P18  CORNUBICUS. 

ScaphaspU  Comuhicus  (Ray-Lankester)< 
Steganodictyum  Cornubicus  (McCoy). 

Loc.     Lantivet  Bay,  in  abundant  fragments,  which  may  be 

generally    recognized    by   their    black,    finely -striated 

surfaces. 

Fig.  Fragments  referred  to  this  species  by  Peach  are  figured  by 
him  in  Trans.  R.  G.  S.  C,  vii.,  pi.  ii.  The  genus  and  its  allies 
are  well  represented  in  Prof.  Ray-Lankester's  work,  but  the 
figures  do  not  include  any  of  the  Cornish  fossils.  The  fossils 
referred  to  Scaphaspu  by  Ray-Lankester  are  now,  I  believe, 
regarded  as  the  ventral  plates  of  Pteratpu  {Steganodictyum) 
Carteri,  &c. 
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PTERASPIS  CARTERI. 

Loe.    Lantivet  Bay  and  Bedrathan,  according  to  Peach  and 

others. 
Obs.     In  this  species  the  striations  are  coarser  than  in 

S,  Comubicus,  and  the  fragments  are  much  less  commoD. 

Scaphaspis,  see  pteraspis  cornubicus. 

SPHAGODUS  PRISTODONTUS. 

Loc.     Polperro  and  Lantivet  Bay  (Peach,  1844,  1847,  etc.). 

Fig,  SUuriay  pL  xxxv.,  figs.  1,  2 ;  also  Trans.  R,  G,  S,  C,  vii., 
pi.  ii.,  figs.  11,  12,  which  are  not  unlike  rubbed  down  portions  of 
the  skin  or  shagreen  of  Sphagodus  prUtodorUw. 


Note. — Many  dark  coprolitic  bodies  are  found  in  the  slates 
and  shales  of  Polperro  and  Fowey.  These  contain  both  lime 
and  phosphoric  acid,  but  the  few  which,  have  been  examined 
in  their  sections  under  the  microscope  do  not  exhibit  any 
marked  evidence  of  organic  structure. 

X.    PLANTiE. 
(plant   remains.) 

These  are  extremely  rare,  except  in  the  dark 
carbonaceous  shales  of  the  Bude  region,  and  being 
usually  pyritous,  they  are  often  ill-preserved  while  in 
situ,  and  readily  destructible  when  placed  in  museums. 
The  following  are  all  which  have  been  provisionally 
determined : 

ASTEROPHYLLITES. 

Loc.  Plants  referred  to  this  genus,  but  of  undetermined 
species,  occur  at  Bude  according  to  Morris,  as  in  the 
corresponding  beds  in  N.  Devon. 

CALAMITES. 

Loc,  Fragments,  with  other  reed-like  stems,  are  found  iii 
the  road  cutting  between  Callingtou  and  Launceston. 
About  four  miles  from  Callington,  according  to  Pattisou. 

CALAMITES  NODOSUS. 

Loc.  Probably  occurs  in  the  neighbourhood  of  Bude  and 
Truscott,  as  in  the  corresponding  beds  in  N.  Devon. 
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CALAMITES  STEINHAUERI. 

Zoc.  Probably  occurs  in  the  neighbourhood  of  Bude  and 
Truscott,  as  in  the  corresponding  beds  in  N.  Devon. 

OALAMITES  SUCCOVII. 

Zoc.  Somewhat  doubtfully  determined  in  specimens  from 
Bude  by  Mr.  John  Morris  in  MS.  notes  given  to  Mr. 
Pattison. 

CYPERITES. 

Zoc,  Somewhat  doubtfully  determined  in  specimens  from 
Bude  according  to  Mr.  John  Morris. 

EOPUYTON. 

Zoc,  Reported  somewhat  doubtfully  by  Mr.  Peach  from  the 
quarry  opposite  the  mineral  floors  at  Hayle.  "  Calamite- 
looking  impressions."  (See  Trans,  R,  G.  S,  C,  ix.,  p.  57.) 

FRUITS  (uudetermined). 

Ia)c.     Reported  from  Bude  by  Pattison  and  others. 

FUCOIDS. 

Zoc.  S.  Petherwyn,  Port  Wrinkle  (1  mile  E.  of),  Lantivet 
Bay,  etc.     See  also  vegetable  impressions,  infra. 

LEPIDODENDRON. 

Zoc.     Bude  (?). 

NEUROPTERIS  GIGANTEUS. 

Zoc.  Doubtfully  reported  from  Bude  specimens  by  Mr. 
John  Morris. 

POACITES. 

Zoc.  Various  undetermined  species  occur  at  Bude  and 
Truscott  according  to  Mr.  John  Morris. 

SIGILLARIA  INCERVULARIA. 

Zoc.  Doubtfully  determined  from  Bude  specimens  by  Mr. 
John  Morris. 

STERNBERGIA. 

Zoc.  Doubtfully  determined  from  Bude  specimens  by  Mr. 
John  Morris. 

VEGETABLE  IMPRESSIONS. 

Zoc.  Roseland  (Giles,  Trans.  Roy.  Oeo,  Soc,  Com.,  vii.,  93), 
Newquay  (Pattison),  and  Polruan. 
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THE 

ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT, 

HOWARD  FOX,   ESQ.,   F.G.S., 
To  the  General  Meetingy  lOih  November,  1893. 


Whbn  your  Council  informed  me  that  they  proposed  nominating 
me  as  President  of  your  Society  for  two  years,  I  had  great  doubts 
whether  I  could  worthily  fill  an  office  which  has  had  so  much 
lustre  shed  on  it  by  your  roll  of  past  Presidents.  The  science  of 
Geology  is  now  so  wide  that  few  of  those  who  are  actively 
engaged  in  business  have  either  the  time  or  facility  to  give  much 
assistance,  or  throw  much  light  on  the  many  Geological  problems 
that  still  remain  imsolved.  The  only  part  of  the  large  range 
embraced  by  this  science,  of  which  I  have  any  special  knowledge, 
is  the  Field  Geology  of  some  portions  of  the  coast  of  Cornwall ; 
but  as  this  is  possibly  the  branch  in  which  members  of  local 
Societies  can  render  the  most  immediate  assistance  in  the 
progress  of  geological  science,  I  was  encouraged  to  accept  the 
honourable  position  offered  to  me,  relying  on  your  courteous 
forbearance  for  the  many  deficiencies  under  which  I  labour. 

It  is  useful  for  a  Society  from  time  to  time  to  review  its  past 
history,  consider  its  present  position,  and  determine  the  course  of 
its  future  action. 

The  past  history  of  your  Society  is  contained  in  the  eleven 
volumes  of  your  Transactions,  As  the  earlier  ones  are  not 
easily  accessible  to  all  your  members,  no  apology  is  necessary  for 
briefly  reverting  to  their  contents  and  recalling  the  lessons  they 
teach  us. 

In  1807  the  Geological  Society  of    London  was  formed  by 
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a  number  of  Geologists,  for  the  purpose,  as  they  expressed  it,  of 
''  collecting  facts,  and  not  discussing  theories." 

The  origin  of  your  Society  was  due  to  Dr.  Paris,  who  left  his 
position  as  Physician  at  Westminster  Hospital  to  fill  a  vacancy 
which  occurred  at  Penzance  by  the  death  of  Dr.  John  Bingham 
Borlase,  the  early  instructor  of  Sir  Humphrey  Davy.  Dr.  Paris 
reached  Penzance  in  September,  1813,  and  within  five  months 
inspired  his  Cornish  friends  with  such  zeal  that  they  founded 
the  Royal  Geological  Society  of  Cornwall,  in  February,  1814 
Mr.  Davies  Gilbert,  m.p.,  accepted  the  Presidency;  Mr.  Ashuist 
Majendie,  Mr.  Henry  Boase,  and  Mr.  Joseph  Came  were  his 
chief  coadjutors. 

Thus  was  ushered  into  life  the  first  offspring  of  the  London 
Society.  It  was  patronised  by  Royalty,  and  remains  to  this  day 
the  only  Royal  Geological  Society  in  the  United  Kingdom. 

The  preface  to  the  first  volume  states  that  "  the  labours  of  the 
Society  are  devoted  to  the  accomplishment  of  two  great  purposes 
— ^the  discovery  of  new  facts  to  enrich  science,  and  the  applica- 
tion of  science  to  enrich  art." 

Your  first  four  volumes  contain  papers  read  between  1814  and 
1832,  and  record  the  observations  of  several  leading  Cornishmen, 
who  devoted  their  leisure  with  zeal  and  ability  to  the  minute 
examination  of  the  rocks  composing  the  county;  to  the  phenomena 
of  mineral  lodes ;  and  to  the  furtherance  of  other  knowledge 
likely  to  benefit  mining  enterprises.  These  four  volumes  contain 
110  papers  and  notices.  Of  these  eighty  treat  of  matters  and 
statistics  connected  with  the  mining  industries  of  the  county; 
twenty-three  treat  of  rock  formation ;  six  are  archaBological ;  and 
one  is  agricultural. 

The  records  of  these  early  observers  appear  so  complete  as  to 
leave  on  the  mind  of  the  reader  an  impression  that  little  remained 
to  be  discovered.  They,  however,  laboured  under  serious  dis- 
advantages. The  zonal  sequence  of  fossils  amongst  the  older 
rocks  had  not  been  established.  The  microscope  had  not  been 
applied  in  those  days  to  the  determination  of  the  minerals  which 
compose  our  rocks,  and  consequently  more  recent  work  has  to  a 
great  extent  superseded  this  branch  of   their  observations.     Sir 
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Humphrey  Davy,  for  instance,  describes  serpentine  as  follows:* 
**  The  true  constituent  parts  of  this  rock  appear  to  be  resplendent 
hornblende  and  felspar.'' 

There  is  hornblende  in  the  serpentine,  especially  west  of  the 
Lizard  Point,  and  Mr.  Teall  t  describes  the  presence  of  felspar  in 
the  serpentine  of  the  Rill  Head  district;  but  the  ''resplendent 
hornblende  "  to  which  Sir  Humphrey  referred  was  apparently  the 
beautiful  and  conspicuous  variety  of  pyroxene  known  as  bastite  ;X 
whilst  the  felspar  referred  to  occurs  in  the  peculiar  rock  inter- 
mediate between  serpentine  and  gabbro,  which  is  now  known  as 
troctolite. 

As  an  example  of  the  minute  accuracy  of  the  early  observers^ 
so  far  as  field  observation  is  concerned,  we  may  instance  Dr.  John 
Forbes,  who,  in  1819,  read  a  paper  on  the  Geology  of  the  Land's 
£nd  District,  and  described  two  small  exposures  of  slate  at 
Sennen.  His  map  in  the  frontispiece  of  your  second  volume  of 
Transactions  marks  their  locality,  and  is  the  only  map  I  have 
seen  which  conspicuously  does  so. 

Your  fourth  volume  bears  testimony  to  the  indefatigable  zeal 
of  a  gentleman  who  was  for  years  your  Honorary  Secretary — ^Dr. 
H.  S.  Boase.  His  paper  on  the  Geology  of  Cornwall  occupies 
309  pages,  and  contains  the  result  of  two  years  labour.  He 
informs  us§  that  he  "performed  more  than  1,200  miles  on  foot, 
visiting  every  part  of  the  county,  and  sparing  neither  personal 
toil  nor  expense  in  endeavouring  to  gain  a  more  perfect  knowledge 
of  the  Geology  of  Cornwall  than  could  be  obtained  by  strangers, 
however  well  qualified  for  the  task,  in  their  hasty  and  partial 
excursions." 

Your  fifth  volume,  published  in  1843,  is  an  encyclopssdic  work 
by  another  Comishman,  WiUiam  Jory  Henwood — On  ilie  Metal- 
liferous Deposits  of  Coimwall  ami  Devon^  with  plans  of  the  lodes 
and  workings  in  various  mines,  and  tables  of  statistics,  "  involving 
immense  labour,  and  executed  with  great  skill  and  conscientious 
exactness  of  observation."     He  writes  at  the  conclusion  of  the 


•  Trans.  RoycU  OcoL  Soc.  Cornwall^  vol.  1,  p.  42. 

t  BrUish  Petrology,  p.  119.         %  Ibid.  p.  116.        §  Page  167. 
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volume  as  follows:*  "The  investigation  has  been  carried  on 
during  the  past  fourteen  years,  in  which  time  I  have  examined 
more  than  200  mines,  and  travelled  underground  nearly,  if  not 
quite,  2,000  miles.  In  its  prosecution  my  life  has  been  frequently 
in  imminent  danger,  and  I  have  sustained  many  severe  ii^iirieB." 

Mr.  Henwood  little  anticipated,  when  engaged  on  this  labour, 
that  the  time  would  shortly  come  when  such  records  would  gain 
a  unique  value,  in  consequence  of  most  of  the  Cornish  and 
Devonshire  mines  being  no  longer  worked.  A  notable  feature  of 
the  volume  is  a  complete  series  of  references  to,  and  extracts 
from,  the  writings  of  all  previous  authors  on  the  localities 
described.  Amongst  them  we  find  Professor  Sedgwick's  model 
descriptions  of  many  sections  of  our  coast,  which,  from  being 
published  in  the  Cambridge  Philosophical  TransadionSy  were  not 
accessible  to  many  Comishmen. 

Your  sixth  and  seventh  volumes  contain,  as  Mr.  Collins  pointed 
out  last  year,  veiy  interesting  papers  and  plates  on  the  fossils  of 
Cornwall  discovered  up  to  the  year  1863.  In  these  volumes  are 
to  be  found  records  of  the  exact  localities  where  fossils  have  been 
found.  It  must  not  be  supposed,  however,  that  these  are  the  only 
localities  wliere  they  occur.  Others  will  undoubtedly  be  found, 
and  it  is  to  the  future  discovery  of  fossils  that  we  must  look  for 
the  clearing  up  of  many  doubtful  points  connected  with  Cornish 
stratigraphy. 

The  eighth  volume  is  the  result  of  twelve  years  unremitting 
labour  by  Mr.  Henwood.  The  fifth  volume,  as  we  have  seen, 
treated  of  the  metalliferous  deposits  of  Cornwall  and  Devon ;  the 
eighth  gives  us  the  corresponding  phenomena  in  the  mineral 
districts  of  almost  the  entire  globe,  as  far  as  could  be  ascertained 
at  that  time,  and  treats  also  of  subterranean  temperatures.  Its 
value  is  enhanced  by  a  most  minute  and  admirable  index,  a  feature 
sadly  wanting  in  some  of  the  earlier  volumes. 

The  ninth,  tenth,  and  current  eleventh  volumes  contain  papers 
read  within  the  memory  of  many  now  present,  and  a  summary  of 
their  contents  would  contain  nothing  novel  for  you. 

♦  Page  386. 
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The  Presidential  addresses  were  not  printed  in  full  until  the 
^ear  1841.  Those  addresses  not  only  record  the  later  history  of 
^our  Society,  but  note  the  progress  of  Geological  Science  from 
;ime  to  time. 

The  annual  reports  of  the  council  and  of  the  curators  record  the 
gradual  growth  of  the  valuable  collections  in  your  museum,  and 
/he  circumstances  connected  with  the  long-projected  and  ultimate 
3uilding  of  the  premises  which  you  now  occupy ;  the  f oundation- 
ttone  of  which  was  laid  by  your  then  President,  Mr.  Charles  Fox, 
>n  April  27,  1864,  in  the  jubilee  year  of  your  history. 

Your  Society  now  possesses  an  admirably^arranged  and  caref ully- 
ittended  museum,  open  to  the  public,  and  receiving  important 
idditions  from  year  to  year.  Here  you  not  only  have  a  valuable 
collection  of  mineralogical  specimens,  but  you  have  the  Cornish 
fossils  referred  to  in  your  TranaaetionSy  a  study  of  which  enables 
}he  observer  who  is  acquainted  with  the  sequence  of  life-forms 
ipon  the  globe  to  fix,  approximately  at  any  rate,  the  age  of  the 
rocks  in  which  they  occur.  Mr.  Etheridge,*  in  1878,  said  that  no 
series  of  Devonian  fossils  in  Britain  was  equal  to  that  arranged  in 
four  museum;  while  Dr.  Le  Neve  Foster t  reported  in  the  same 
fear  that  the  suite  of  typical  fossils  of  the  various  geological 
Formations  was  probably  without  rival,  as  a  representative  series, 
in  any  museum  west  of  Bristol. 

In  considering  the  present  position  of  your  Society,  it  must  be 
icknowledged  that  one  subject  which  occupied  the  chief  attention 
Df  its  founders  and  early  supporters,  viz.,  the  mining  interests  of 
Cornwall,  no  longer  holds  the  same  prominent  position  in  your 
Transaciiom ;  and  this  for  two  reasons.  Firstly,  other  countries 
it  present  produce  metals  in  such  abundance  and  at  such  a  low 
308t,  that  Cornish  copper  and  lead  mines,  unable  successfully  to 
compete  with  them,  have  most  of  them  ceased  to  exist,  and  only 
bhe  richest  tin  mines  are  left  to  continue  the  struggle.  Secondly, 
jrounger  societies  than  your  own,  some  of  which  hold  their 
meetings  and  conduct  their  classes  in  the  centre  of  the  mining 

•  TraTis.  Boyal  Oeol,  Soc.  Cornwall,  vol.  x.  1878,  xxxvii. 
t  Ibid,  vol.  X.  1878,  xxxviii. 


500     Royal  Geological  Society  of  Cornwall. 

districts,  have  for  their  special  object  the  fostering  of  these  mining 
interests. 

Tour  Society  is  thus  relieved  of  the  chief  responsibility  in  ihis 
matter.  Tour  council  are  nevertheless  as  anxious  as  ever  to 
promote  a  closer  connection  with  these  societies^  and  to  co-operate 
with  them  for  the  benefit  of  students  and  of  Cornish  interests. 

Another  feature  in  addition  to  the  decline  of  mining  enter- 
prises affects  the  number  and  importance  of  the  papers  read 
before  yoiL 

Owing  partly  to  the  improved  means  of  locomotion,  and  partly 
to  the  natural  tendency  of  the  present  day,  the  practice  prevails 
to  an  increasing  extent  of  reading  important  papers  at  the  great 
centres  of  science,  where  they  can  be  fully  considered  and  dis- 
cussed. This  however  is  not  by  any  means  a  new  feature. 
Prof.  Sedgwick  in  1821  published  his  admirable  paper  on  the 
**  Physical  Structure  of  the  Lizard  District,"  in  the  TrarMMcHanM 
of  the  Cambridge  PhUoeophical  Society,  (Vol  i.  p.  291.)  The 
Quarterly  Journal  of  ike  Geological  Society  contains  some  ex- 
tremely valuable  contributions  on  the  Geology  of  Cornwall,  with 
which  those  who  are  desirous  of  assisting  the  progress  of  geology 
in  the  county  should  make  themselves  familiar.  In  the  volumes 
for  1850  and  1851  will  be  found  Mr.  Godwin  Austen's  references 
to  the  "Raised  Beaches"  and  "Head"  of  your  coasts.  Prof. 
Sedgwick's  paper  on  the  slate  rocks  of  Devon  and  Cornwall 
appeared  in  1852.  The  volumes  for  1875,  1876,  and  1878  con- 
tain Mr.  John  Arthur  Phillips's  papers  on  the  rocks  of  the  mining 
districts  of  Cornwall,  and  on  the  so-called  "Greenstones"  of 
Cornwall  In  the  volume  for  1876  also  appears  Mr.  S.  Allport's 
paper  on  the  "  Metamorphic  Rocks  surrounding  the  Land's  End 
Mass  of  Granite."  Prof.  Bonney's,  on  the  Lizard  district,  ap- 
peared in  1877.  These  papers  mark  an  epoch  in  the  history  of 
Cornish  Geology.  These  three  geologists  were  the  first  to  bring 
the  microscope  to  the  aid  of  chemical  analysis  in  determining  the 
character  and  composition  of  Cornish  Rocks. 

Mr.  Philips  came  to  the  conclusion  that  many  of  the  so-called 
"Greenstones"  of  central  and  east  Cornwall  were  ancient  lava 
flows  interbcdded  with  the  slates  and  schists  of  the  district,  and 


Anniversary  Address  of  the  President     501 

were  contemporaneous  igneous  products.  He  describes  the  trans- 
formation of  augite  into  hornblende  in  many  of  the  original 
dolerites,  and  also  settled  a  vexed  question  by  laying  it  down  as 
positive  that  "neither  granites  or  elvans  could  result  from  the 
re-arrangement  by  heat  or  otherwise  of  the  constituents  either  of 
one  or  of  any  number  of  our  slates." 

Mr.  Allport  also  found  the  augites  of  the  dolerites  in  the 
Penzance  district  passing  into  hornblende,  and  all  stages  of  the 
alteration  were  disclosed  by  the 'microscope.  He  made  some  bold 
inductions  which  subsequent  investigation  tends  rather  to  confirm 
than  to  disprove.  "  It  appears,"  he  writes,  "  not  only  that  clay- 
slate  may  be  transformed  into  mica-schist,  gneiss,  and  tourmaline- 
schist,  but  that  among  the  more  basic  rocks  hornblende-schists 
may  be  metamorphosed  igneous  rocks,  some  being  derived  from 
dolerites  and  gabbros,  while  others  are  very  probably  foliated 
diorites."  He  considered  the  evidence  proved  that  the  Cornish 
slates  existed  as  metamorphic  rocks  (cleaved  and  contorted)  long 
before  the  intrusion  of  the  granite,  and  that  this  intrusion  of 
granite  not  only  altered  the  structure  of  the  slates,  but  also  de- 
veloped in  them  some  of  its  own  constituents. 

Prof.  Bonney  found  that  the  Lizard  gabbros  were  liable  to 
three  forms  of  mineral  change. 

(a)  the  gradual  conversion  of  their  felspar  into  saussurite. 

(b)  of  diallage  into  hornblende. 

(c)  Of  olivine  into  serpentine. 

His  observations  led  him  to  infer  that  the  trap  dykes  of 
the  Lizard  district  were  probably  once  all  doleritea  He  also 
established  the  true  theory  as  to  the  origin  of  the  serpentine  by 
proving  it  to  be  an  altered  peridotite.* 

Other  London  publications,  such  as  the  Chological  Magazine, 
the  Proceedings  of  the  Geological  Associationy  and  the  Minera- 
logical'  Magazine,  contain  numerous  articles  of  great  value  by  Mr. 
Teall,  F.as.,  Mr.  Ussher,  General  McMahon,  Mr.  J.  H.  Collins, 


•  A  list  of  papers  on  Cornish  Geology  which  have  appeared  in  the 
Quarterly  Journal  of  the  Geological  Society  to  this  time  will  be  inserted  in 
your  Transactions  for  this  year. 
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Dr.  Le  Neve  Foster,  Mr.  Somervail,  and  other  geologists.  Im- 
portant papers  referring  to  Cornish  geology  may  also  be  foand  in 
the  journals  of  geological  and  other  learned  societies  in  variouB 
parts  of  the  United  Kingdom ;  whilst  all  these  writers  are  com- 
pelled to  refer  with  admiration  to  the  classic  report  of  Sir  Henry 
De  la  Beche  on  the  Geology  of  Cornwall  and  Deyon,  published 
in  1839  as  a  separate  volume. 

When  we  consider  the  comparatively  small  number  of  rocks 
examined  and  the  interesting  results  obtained  by  those  who  first 
applied  the  microscope  to  the  study  of  Cornish  rocks,  we  realise 
what  a  wide  field  of  investigation  is  still  open  to  those  who  have 
the  time  and  opportunity  to  enter  upon  it  Mr.  Allport  merely 
broke  ground  in  the  study  of  the  metamorphic  rocks  surrounding 
the  Land's  End  mass  of  granite,  and  a  rich  harvest  of  results  may 
be  confidently  promised  to  anyone  who  will  take  up  the  work 
where  he  left  it,  and  devote  his  attention  to  that  extraordinaiy 
zone  of  metamorphism,  which  lies  on  the  western  side  of  the  mass 
{e,g,  about  Cape  Cornwall).  This  work  can  only  be  done  success- 
fully by  those  who  are  able  to  visit  the  locality  repeatedly,  and 
combine  work  in  the  field  with  a  careful  examination  of  rocks 
under  the  microscope,  and  if  possible,  in  the  chemical  laboratory. 

Notwithstanding  the  labours  of  all  the  authorities  referred  to, 
who  have  studied  and  discussed  our  Cornish  geology,  there  remain 
geological  problems  in  various  parts  of  the  county  still  awaiting 
solution. 

Over  the  greater  portion  of  England  and  Wales  the  strata  form- 
ing the  floor  of  the  country  either  retain  their  original  sub-horizontal 
position,  or  have  been  but  slightly  inclined  and  undulated,  so  that 
it  is  easy  to  interpret  their  arrangement,  while  they  have  been  so 
little  crushed,  that  their  fossils  still  retain  their  original  character, 
and  can  be  collected  in  abundance. 

In  our  Cornish  peninsula,  on  the  other  hand,  as  in  the  more 
mountainous  districts  of  Scotland  and  Ireland,  the  originally  flat 
strata  have  been  crushed  together  by  enormous  lateral  pressure, 
bent  and  twisted ;  even  raised  up  on  end  and  sheared  into  slatey 
masses,  so  that  the  ascertainment  of  their  original  order  is  a  matter 
of  the  very  gravest  difficulty.     At  the  same  time  the  included 
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Lc  remains-  of  our  rocks  have  been  in  some  places  flattened 
id  distorted,  even  where  they  are  most  abundant.  In  other 
;  they  have  been  crushed  out  of  all  recognition,  or  are  found 
in  a  few  local  spots. 

d  to  this  the  fact,  that  mighty  masses  of  igneous  rock — such 
•  great  granites  of  the  Land's  End,  Stithians,  St.  Austell,  and 
a  Willey  districts  have  invaded  the  stratified  rocks,  and  have 
d  and  metamorphosed  them  for  great  distances  around ;  and 
U  be  seen  that  the  working  out  of  the  detailed  geology 
r  county  is  a  matter  of  the  profoundest  difficulty ;  and  it  is 
to  be  wondered  at  that  we  are  still  practically  ignorant 
lat  is  the  proper  classification  and  disposition  of  its  geological 

r  knowledge  of  these  rocks  will  be  of  course  increased,  as 
is  we  can  find  characteristic  fossils  in  a  good  state  of  preser- 
1  capable  of  accurate  identification.     During  the  past  thirty 

however,  but  little  has  been  done  in  this  branch  of  geology. 
T.  H.  Collins  and  Mr.  Thomas  Clark  record*  Ordovician 
er  Silurian)  fossils  in  the  vertical  Meneage  quartzites,  and 
•'ortescue  Millett  discovered  Tertiary  fossils  in  the  superficial 
of  St.  Erth.t  No  other  discovery  of  fossils  characteristic  of 
d  zones  in  the  succession  of  the  geological  formations  has 
made  during  this  time.  Mr  Peach  found  no  fossils  in  slate 
of  the  Van,  near  the  Blackhead  (St.  Austell),  though  he 
is  his  belief  I  that  "  probably  four-fifths  of  the  slate  in 
jvall  is  fossil  if  erous,"  and  he  colours  Truro  as  the  centre  of  a 

fossiliferous  district.  §  In  confirmation  of  this  Mr.  Collins 
is  II  a  fossil,  apparently  a  Favosites,  in  a  soft  greyish  schist  at 
r  Newham.  Mr.  Thomas  Clark,  of  Truro,  after  years  of 
it  research,  has  at  last  discovered  traces  of  organic  remains 
3  Perranzabuloe  district.     Mr.  S.  R.  Pattison  H  records  traces 


•  Trans.  Royal  Geol.  Soc,  Coniwallf  vol.  x.  p.  61, 

t  Ibid.  pp.  213,  222.         X  I^^-  vol.  vi.  p.  183. 

§  Map  Ibid.  J  vol.  vi,  plate  2. 

II  Jour.  Roy.  Instit.  ConivxiUy  vol.  vii.  part  1,  1881,  p.  16. 

IF  Trans.  Royal  Ocol.  iSoc  Cornwall,  voL  viL  p.  210. 
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of  crinoidea  in  a  greenish  slate  from  the  fields  near  St  Just  in 
Roseland.  Professor  Lapworth  last  Easter  found  traces  of  fossils 
in  the  slates  of  the  Nare  Pointy  Meneage,  and  in  the  conglomeiates 
of  that  district  Mr.  F.  J.  Stephens  has  recently  found  foeailiferous 
limestone  in  the  "Head"  between  Maenporth  and  Kosemullion. 
In  none  of  the  cases,  however,  that  I  have  cited  were  the  fossils 
found  to  be  in  sufficiently  good  preservation  to  determine  the 
geological  age  of  the  rocks  in  which  they  were  discovered. 

Tou  occupy  then,  as  Comishmen,  this  unique  and  interesting 
position.  You  have  possibly  more  unsolved  problems  in 
Cornwall  than  exist  in  any  other  county  of  England,  notwith- 
standing that  your  180  miles  of  sea  coast^  besides  the  numerouB 
estuaries,  give  you  an  unrivalled  extent  of  sections  for  study. 
The  true  geological  structure  has  yet  to  be  made  out,  and  the 
age  and  sequence  of  the  stratified  deposits  covering  large  tracts 
have  to  be  determined.  Only  a  beginning  has  been  made  on 
the  study  of  the  rocks  by  modern  petrographical  method& 
These  facts  should  stimulate  your  members  to  exertion. 

Let  us  now  consider  in  which  direction  these  efforts  can  be 
most  usefully  applied. 

At  your  last  annual  meeting  Mr.  Worth  appealed  to  you  to 
study  the  granitic  areas  of  Cornwall;  and  Mr.  Collins,  in  con- 
tributing a  "  Working  list  of  the  Palaeozoic  fossils  of  Cornwall " 
in  your  museum,  appealed  to  local  students  to  search  the  clifGs 
and  quarries  for  fossils  more  diligently  than  hitherta  I  would 
venture  earnestly  to  support  those  api)cals. 

Our  late  eminent  leader  and  authority  on  all  matters  connected 
with  the  geology  of  Cornwall,  Sir  Warington  Smyth,  in  one 
of  his  many  brilliant  presidential  addresses,  reminded  you  that 
your  Society  "  was  formed  for  the  promotion  of  science  by  the 
personal  observation  of  its  members." 

My  friend  Mr.  Teall,  who  hoped  to  have  been  with  us 
to-flay,  writes  to  me  as  follows,  on  the  same  subject — 

**Xo  doubt  there  are  in  Cornwall  many  among  the  youth  of 
bi^th  sexes  who  are  both  ready  and  willing  to  help  on  the  cause  of 
science  if  they  can  only  see  the  way  to  begin.  Let  me  now 
endeavour  to  point  out  to  such  what  appears  to  me  to  be  the  best 
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course  for  them  to  pursue.  They  should  begin  at  once  by 
observing  the  rocks  for  themselves.  Without  a  direct  basis  of 
direct  observation  geological  writings  are  unintelligible.  An 
elementary  knowledge  of  chemistry  and  physics  is  certainly 
desirable,  but  even  this  is  not  absolutely  necessary.  As.  soon 
as  the  would-be  investigator  has  made  himself  or  herself  familiar 
with  the  common  rocks,  such  as  slate,  grit,  quartzite,  sandstone, 
greenstone,  and  granite,  and  has  clearly  realised  the  difference 
between  cleavage  and  bedding  in  sedimentary  rocks — this  latter 
point  is  absolutely  necessary — he  may  with  advantage  study  what 
has  been  established  recently  in  a  district  where  allied  features 
are  to  be  observed.  Such  a  district  is  to  be  found  in  the  Southern 
Uplands  of  Scotland." 

Prof.  Lapworth,  F.R.8.,  some  time  ago,  after  several  years  most 
careful  survey  and  mapping  of  the  districts  of  Moffat*  and 
Girvan,  f  in  South  Scotland,  and  after  patient  unravelling  of  the 
wrinkles  into  which  their  rocks  had  been  crushed,  was  able  to 
determine  the  sequence  and  age  of  the  rocks  in  the  great  district 
of  the  Scottish  Uplands,  one  of  the  most  complicated  regions  in 
the  British  Islands. 

He  thus  describes  the  method  of  procedure  :  J 

"  In  attempting  the  development  of  the  true  physical  relation- 
ship of  strata  so  crumpled  and  dislocated  as  those  of  the  Girvan 
region,  our  first  task  is  to  select  some  definite  stratigraphical  zone 
as  a  general  datum  line,  or  horizon  of  reference,  from  which  to 
commence  our  labour,  and  to  which  to  refer,  as  often  as  occasion 
requires,  the  several  results  of  our  more  detailed  investigations. 
A  horizon  suitable  for  this  purpose  must  almost  of  necessity  be 
composed  of  a  lithological  character  sufficiently  striking  to  be 
identified  upon  all  occasions  with  ease  and  certainty.  It  should 
be  of  sufficient  thickness  to  form  at  least  a  distinctly  marked 
feature  in  the  ascending  sequence,  and  to  bo  completely  satis- 
factory for  our  special  purpose  it  should  be  of  wide  horizontal 
extent,  so  that  it  may  afford  a  large  number  of  points  of  reference 
upon  the  ground  itself,  that  there  may  be  no  possibility  of  doubt 


•  Qiiar.  Jour.  Geol.  Soc.^  1877. 
t  Ibid,  1882.  :  Ihid.  1882,  pp.  651-2. 
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or  ambiguity  as  respects  its  true  relationship  to  the  remaining 
members  of  the  succession/' 

This  datum  line,  or  horizon  of  reference,  for  the  great  con- 
voluted district  of  the  Southern  Uplands  of  Scotland,  which 
occupies  an  area  of  some  5,000  square  miles.  Prof.  Lapworth 
discovered  in  some  thin  black  bands,  which  proved  to  be  shales 
full  of  Graptolites,  peculiar  to  special  zones. 

By  means  of  this  fossiliferous  zone  of  reference  in  a  district 
totally  destitute  of  organic  remains,  except  in  a  few  isolated 
localities,  and  above  all,  thrown  into  the  most  violent  folds 
and  contortions,  he  was  able  to  unravel  the  extraordinary 
complexity  of  the  South  Scottish  succession.*  He  found  that 
''strikes,  dips,  and  visible  sequences  wore  worse  than  useless  in 
these  convoluted  rocks  as  indices  of  chronological  sequence."! 
He  found  that  the  whole  country  had  been  folded  and  overfolded, 
puckered,  faulted,  and  overfaulted.  The  Geological  sections 
accompanying  his  papers  {  indicate  how  the  upper  parts  of  the 
folds  had  been  denuded,  and  the  lower  parts  were  hidden  in  the 
earth.  The  same  black  bands  containing  Graptolites  charac- 
teristic of  special  zones  appeared  and  re-appeared  over  and  over 
again — sometimes  close  together,  sometimes  miles  apart,  and  the 
result  of  imravelling  this  complex  mass  was  to  reduce  the  supposed 
thickness  of  these  Scotch  rocks  from  many  miles  to  a  maximum 
of  7,000  feet;  that  is,  the  rocks  were  found  to  be  in  reality  not 
one-twentieth  of  the  apparent  thickness.  The  clear  recognition 
of  this  type  of  stratigraphy  is  one  of  the  most  important  features 
of  what  has  been  styled  the  "  New  Geology." 

The  rocks  in  West  Cornwall  present  some  striking  analogies  to 
these  Ordovician  and  Silurian  rocks  in  Scotland,  and  have  under- 
gone such  an  amount  of  folding,  shearing,  crumpling,  and  crushing, 
that  their  apparent  superposition  in  many  districts  goes  for  abso- 
lutely nothing. 

The  same  labour  and   the   same  methods  that   have   been  so 


•  Quar,  Jour.  Ocol.  Soc  1877,  p.  242. 

t  Proc.  Qeol,  Assoc,  viii.  No.  8,  p.  4. 

X  See  "  Ballantrae  Rocks  of  Soutli  Scotland,"  Ocol,  Mag.  1889,  Ac. 
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successfully  applied  to  the  Scotch  rocks  must  be  applied  in  Com- 
walL  But  the  question  arises,  Have  we  any  easily  recognisable 
band  of  rock  to  serve  as  our  first  datum  line  or  horizon  of  refer- 
ence? I  am  of  opinion  the  Radiolarian  Chert  beds  first  recognised 
on  Mullion  Island  *  may  be  taken  to  answer  this  purpose. 

The  Mullion  Island  cherts  consist  of  easily  recognised  bands  of 
mostly  black  flint-like  rock,  generally  reticulated  with  thin  but 
conspicuous  white  quartz  veins.  They  are  extremely  hard,  and 
resistant  of  both  atmospheric  and  subterranean  agents  of  destruc- 
tion. They  are  of  sufficient  thickness  to  form  a  distinctly  marked 
feature  in  the  ascending  sequence,  and  having  been  originally 
deposited  at  the  bottom  of  an  ocean  free  from  mud  and  calcareous 
organisms  as  Radiolarian  ooze,t  and  formed  its  floor,  they  probably 
occupy  a  wide,  horizontal  extent  of  country.  They  occur  in 
distinct  bands,  mostly  in  shales  or  crushed  dark  slates,  break 
with  a  conchoidal  fracture,  and  when  sheared  or  impure  the 
microscope  generally  determines  their  nature.  The  fossils  are 
Radiolarian — deep-sea  forms  like  those  of  the  present  day. 

In  South  Scotland  officers  of  the  Geological  Survey  have  recently 
traced  such  cherts  with  Radiolaria  from  sea  to  sea  just  beneath  the 
Llandeilo  rocks,  fixing  horizons  exactly.  Our  cherts  in  Cornwall 
— possibly  of  the  same  age,  certainly  of  the  same  character — are 
equally  promising,  in  the  midst  of  the  entangled  rocks  around,  to 
form  the  datum  line,  or  clue  to  the  succession.  "Whenever  we 
find  these  beds  we  know  where  we  are."  We  may  of  course  find 
such  cherts  in  other  geological  systems  in  Cornwall.  Typical 
fossils  in  the  associated  slates  and  shales  must  in  all  cases  deter- 
mine their  age. 

Last  Easter  Mr.  Teall  and  Professor  Lapworth  visited  Cornwall, 
and  I  had  the  pleasure  of  accompanying  them  throughout  the 
Lizard  District,  from  Trewavas  Head  to  Helford  River.  Not  only 
did  we  study  these  cherts  in  the  already  discovered  locality  of 
Mullion  Island,  where  they  exist  in  their  least  broken,  most  pure. 


•   Vide  Quar.  Jour.  Geol.  Soc.  Feb.  1893,  pp.  211-218. 
t  Fide  Deep  Sea  Deposits  {Challenger  Expedition),  Murray  and  Kenard, 
1891,  p.  175. 
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and  most  easily  recognised  form,  but  we  were  rewarded  by  tbe 
discovery  of  their  continuation  along  the  Cornish  shores  far  to  the 
north-eastward.  We  found  these  MuUion  Island  cherts  again  and 
again  in  the  cliffs  and  skerries  and  rugged  foreshore  between 
Kelly's  Cove,  north  of  Porthallow,  and  Ligwrath  Point,  a  distance 
of  about  800  yards.  Estimating  the  thickness  of  the  rocks  exposed 
between  these  points  in  the  usual  way  from  their  apparent  dip, 
one  would  imagine  that  one  was  looking  at  a  succession  of  intei^ 
bedded  slates,  shales,  and  cherts  of  a  total  thickness  of  nearly 
2,000  feet ;  whereas  the  fact  is — as  can  be  proved  by  carefully 
studying  every  foot  of  the  ground  —  the  cherts  and  associated 
strata  are  in  reality  a  thin  series  repeated  again  and  again  by 
folding  and  j)uckering. 

The  diagram  shows  plainly  how  the  repeated  folding  of  these 
beds  gives  exactly  the  exposures  we  find  in  this  district  of 
Meneage.  The  same  apparently  identical  beds  of  chert  are  seen 
again  and  again,  sometimes  a  hundred  yards  apart,  and  always 
associated  with  the  same  shales  and  slates,  &c.  This  can  be 
accounted  for  by  assuming  that  the  rocks  have  been  folded,  frilled, 
and  puckered  as  you  may  ruck  a  tablecloth  by  lateral  pressure, 
Messi-s.  Tcall  and  Lapwortli  suggested  that  the  natural  prolonga- 
tion of  these  chert  beds  would  probalily  be  found  again  further 
east  in  the  Veryan  and  Gorran  districts,  and  this  has  been  done 
during  tbe  past  summer.  They  can  be  traced  from  Pendower 
Beach,  where  they  are  in  great  force,  at  intervals  in  a  district 
extending  for  five  miles  in  a  north-easterly  direction,  viz.,  to 
Tolcarne  Mill  in  the  parish  of  St.  Michael  Caerhays,  lying 
generally  within  the  district  coloured  Silurian  by  De  la  Beche. 

Chert  pebbles  showing  structure  of  Radiolaria  have  also  been 
found  on  the  North  Coast ;  but  the  parent  rock  has  not  yet  been 
traced  in  siUi, 

These  beds  of  Radiolarian  cliert  ought  most  certainly  to  be 
diligently  traced,  wherever  they  occur  throughout  the  county. 
Here  you  have  a  duty  ready  to  your  hands.  The  beds  will 
probably  form  a  fairly  trustworthy  *' datum-line"  to  begin  with, 
from  which  to  proceed  to  unfold  the  complexities  of  our  sedimen- 
tary rocks  and  ascertain  their  true  succession  and  thickness.     A 
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second  immediate  duty  is  to  discover  some  characteristic  fossils  in 
the  slates  and  shales  associated  with  the  cherts  themselves,  and 
thus  determine  their  precise  age  and  position  in  the  geological 
sequence.  Other  bands  of  rocks  marking  special  horizons  must 
also  be  traced  wherever  they  exist  It  is  almost  certain  that 
typical  fossils  will  be  discovered  in  the  rocks  of  Webt  Cornwall, 
and  this  Society  must  look  to  its  members  searching  their  own 
immediate  localities,  as  in  no  other  way  can  the  work  be  so  quickly 
and  adequately  done. 

Perhaps  a  few  hints  may  be  serviceable  to  the  geological 
worker.  The  best  chance  of  discovering  well-preserved  typical 
fossils  is  said  to  be — 

1.  Where  the  cleavage  of  the  slates  corresponds  with  the 
original  bedding.  When  beds  of  slates  have  different  colours,  it 
is  easy  to  determine  whether  they  will  split  in  layers  corresponding 
with  the  colours.     If  they  do,  the  cleavage  and  bedding  are  alike. 

2.  In  slates  adjoining  our  greenstone  intrusions,  Mr.  Phillips* 
showed  that  many  of  the  Cornish  greenstones  were  of  con- 
temporaneous origin  with  the  slates,  and  all  of  them  older  than 
the  intrusions  of  granites  and  el  vans.  Sedimentary  rocks  a4jacent 
to  these  greenstones  may  be  indurated,  and  may  thus  have  been 
able  to  resist  the  pressure  of  subsequent  earth -movements  which 
have  crushed  all  traces  of  organic  remains  out  of  most  of  the 
softer  beds.  Mr.  Peach  t  instances  examples  of  this  at  the  Van 
near  the  Blackhead,  St  Austell. 

3.  In  bands  of  coarse  grits,  which  during  the  folding  of  our 
rocks  have  resisted  the  crushing  and  shearing  which  are  so 
apparent  in  the  softer  rocks. 

4.  In  eyes  or  bosses  of  harder  rock  which  have  happened  to 
escape  the  ordinary  rolling  out  of  the  main  mass. 

Take  the  largest  map  you  can  procure  of  the  district  you  wish 
to  survey,  and  insert  very  carefully  the  strikes,  dips,  and  faults, 
and  do  it  as  a  pleasure  in  your  holidays.  If  you  find  fossils,  note 
not  only   the  precise  locality,  but  the  exact  position,  say  in  a 


♦  Qujcir,  Jour.  Geol.  Soc,  1878,  p.  495. 

t  Trans,  Hoy.  Qeol.  Soc.  Comwallf  vol.  vi.  p.  13. 
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quarry  itself,  or  the  cliff  section,  for  as  in  South  Scotland,  in  the 
same  cliff  section  may  be  occasionally  found  beds  representatiye  of 
many  ages  or  several  rock  formations  and  fossil  zones. 

Another  method  of  assisting  the  objects  of  our  Society  is  open 
to  those  who  practise  Photography.  Interesting  sections  ahould 
be  photographed,  with  duplicates  coloured  on  the  spot^  and  an 
album  or  portfolio  of  such  photographs,  with  the  names  of  the 
donors,  might  lie  on  this  table.  The  exact  locality  of  the  rocks 
photographed  might  be  marked  on  a  tracing  of  the  25-inch  parish 
mapS)  and  annexed  to  the  respective  photographs.  Where 
photographic  appliances  are  not  available,  accurate  sketches  would 
be  valuable.  Visitors  to  the  county  would  thus  leam  where  to  go 
for  the  most  characteristic  sections. 

Your  Presidents  have  often  referred  in  their  annual  addresses 
to  papers  appearing  in  other  journals  and  publications  which  bore 
on  Cornish  geology  and  your  mining  interests.  It  is,  I  think, 
desirable  that  a  reference  to  all  geological  papers  appearing  else- 
where relating  to  Cornwall  should  be  printed  in  your  annual 
Transactions^  stating  in  what  publications  the  papers  are  to  be 
found,  and — where  possible — accompanied  by  an  abstract  of  such 
papers.  By  this  means  your  Transacfions  would  give  valuable 
references  to  those  who  have  not  ready  access  to  the  geological 
literature  of  larger  centres.  One  of  your  London  members  would 
be  in  the  best  position  to  undei-take  this  duty. 

Let  us  try,  ladies  and  gentlemen,  what  we  can  do  to  promote 
these  desirable  objects  before  the  next  annual  meeting.  Within 
the  last  few  years  the  Quarterly  Jounud  of  the  Geologicul  Society 
has  contained  three  important  petrographical  papers  by  Miss 
Raisin,  who  has  received  the  award  of  a  fund  by  the  Council  of 
that  Society.  The  same  journal  contains  a  paper  by  Miss 
Gardiner  on  Metamorphism  round  the  Xew  Galloway  granite,  and 
another  paper  by  Miss  Ogilvie,  who  has  just  been  made  D.Sc  for 
brilliant  stratigraphical  work  in  the  Dolomites. 

It  was  owing  to  the  munificence  of  a  lady.  Miss  Elizabeth  Came, 
that  you  became  the  owners  of  the  freehold  on  which  your  museum 
is  built;  it  was  owing  to  the  zeal  and  industry  of  herself  and 
sister  that  your  mineral  specimens  were  so  carefully  and  scien- 
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tifically  arranged  and  labelled  on  the  first  occupation  of  these 
rooms.  Nor  did  her  services  to  you  end  here.  Following  in  the 
footsteps  of  her  father,  Mr.  Joseph  Came,  F.R.B.,  one  of  the 
principal  benefactors  of  your  Society,  she  became  a  valued  con- 
tributor to  your  Transactions,  A  lady  a  few  years  ago  found  the 
only  specimen  of  Paradoxides — a  mid-Cambrian  fossil — yet  dis- 
covered in  ComwaU.  There  is  no  reason  why  the  honour  of 
settling  the  age  of  our  West  Cornwall  rocks  should  not  fall  to 
the  lot  of  another  lady. 

In  encouraging  you,  my  fellow- Comishmen  and  women,  to 
assist  in  this  work  1  cannot  conclude  more  appropriately  than 
by  recalling  to  your  memories  the  words  of  Sir  Charles  Lemon, 
when  addressing  you  forty-seven  years  ago — * 

"The  subordinate  ranks  of  science  must  be  filled  as  well  as 
those  which  are  superior,  the  rank  and  file  of  an'  army  constitute 
an  element  of  its  strength,  every  individual  soldier  has  his  value  if 
he  does  his  duty  in  the  especial  service  to  which  he  is  called.  .  .  . 
It  is  our  province  to  gather  facts  for  our  great  masters  to  arrange 
and  digest,  and  when  we  have  exercised  due  diligence  in  this 
humble  department  of  science,  we  have  a  right  to  say  that  we 
have  done  our  duty." 

•  Trans.  Roy.  Oeol.  Soc.  Cornwall^  voL  vi.  1846,  p.  9. 
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volume  as  follows :  *  **  The  investigation  has  been  canried  on 
during  the  past  fourteen  years,  in  which  time  I  have  examined 
more  than  200  mines,  and  travelled  underground  nearly,  if  nol 
quite,  2,000  miles.  In  its  prosecution  my  life  has  been  hequaaitj 
in  imminent  danger,  and  I  have  sustained  many  severe  iigurieB.* 

Mr.  Henwood  little  anticipated,  when  engaged  on  this  labom^ 
that  the  time  would  shortly  come  when  such  records  would  gain 
a  unique  value,  in  consequence  of  most  of  the  CTomiah  and 
Devonshire  mines  being  no  longer  worked.  A  notable  feature  of 
the  volume  is  a  complete  series  of  references  to,  and  extrads 
from,  the  writings  of  all  previous  authors  on  the  localitieB 
described.  Amongst  them  we  find  Professor  Sedgwick's  modd 
descriptions  of  many  sections  of  our  coast,  which,  from  being 
published  in  the  Cambridge  Philaaophical  TransadionSy  were  not 
accessible  to  many  Cornishmen. 

Tour  sixth  and  seventh  volumes  contain,  as  Mr.  Collins  pointed 
out  last  year,  veiy  interesting  papers  and  plates  on  the  fossils  of 
Cornwall  discovered  up  to  the  year  1863.  In  these  volumes  are 
to  be  found  records  of  the  exact  localities  where  fossils  have  been 
found.  It  must  not  be  supposed,  however,  that  these  are  the  only 
localities  where  they  occur.  Others  will  undoubtedly  be  found, 
and  it  is  to  the  future  discovery  of  fossils  that  we  must  look  for 
the  clearing  up  of  many  doubtful  points  connected  with  Cornish 
stratigraphy. 

The  eighth  volume  is  the  result  of  twelve  years  unremitting 
labour  by  Mr.  Henwood.  The  fifth  volume,  as  we  have  seen, 
treated  of  the  metalliferous  deposits  of  Cornwall  and  Devon ;  the 
eighth  gives  us  the  corresponding  phenomena  in  the  mineral 
districts  of  almost  the  entire  globe,  as  far  as  could  be  ascertained 
at  that  time,  and  treats  also  of  subterranean  temperatures.  Its 
value  is  enhanced  by  a  most  minute  and  admirable  index,  a  feature 
sadly  wanting  in  some  of  the  earlier  volumes. 

The  ninth,  tenth,  and  current  eleventh  volumes  contain  papers 
read  within  the  memory  of  many  now  present,  and  a  summary  of 
their  contents  would  contain  nothing  novel  for  you. 

♦  Page  386. 
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Vol.  xxxi.  1875.  The  Rocks  of  the  Mining  Distaicts  of  Corn- 
wall and  their  Relation  to  Metalliferous  Deposits.  By  J. 
Arthur  Phillips,     pp.  319-345. 

Vol  xxxii.  1876.  The  Drift  of  Devon  and  Cornwall:  its 
Origin,  Correlation  with  that  of  the  South-east  of  England, 
and  Place  in  the  Glacial  Series.    By  Thomas  Belt.    pp.  80-90. 

Vol.  xxxii.  1876.  On  the  so-called  "Greenstones"  of  Western 
Cornwall     By  J.  Arthur  Phillips,     pp.  155-179. 

Vol.  xxxiL  1876.  On  the  Metamorphic  Rocks  surrounding  the 
Land*8  End  Mass  of  Granite.     By  S.  Allport.     pp.  407-427. 

Vol  xxxiiL  1877.  On  the  Serpentine  and  Associated  Rocks 
of  the  Lizard  District.  By  the  Rev.  T.  G.  Bonney.  With 
Kotes  on  the  Chemical  Composition  of  some  of  the  Rocks 
of  the  Lizard  District.     By  W.  H.  Hudleston.     pp.  884-928. 

Vol  xxxiv.  1878.  On  Terminal  Curvature  in  the  South-western 
Counties.     By  W.  A.  E.  Ussher.     pp.  49-55. 

Vol  xxxiv,  1878.  On  the  so-called  "Greenstones"  of  Central 
and  Eastern  Cornwall.     By  J.  Arthur  Phillips,     pp.  471-497. 

Vol  xxxiv.  1878.  On  the  Great  Flat  Lode  South  of  Redruth 
and  Camborne,  and  some  other  Tin  Deposits  formed  by  the 
Alteration  of  Granite.     By  C.  Le  Neve  Foster,     pp.  640-653. 

Vol.  xxxiv.  1878.  On  some  Tin  Stockworks  in  Cornwall.  By 
C.  Le  Neve  Foster,     pp.  654-9. 

Vol.  xxxvi.  1880.  On  Concretionary  Patches  and  Fragments 
of  other  Rocks  contained  in  Granite.  By  J.  Arthur  Phillips, 
pp.  1-22. 

Vol.  XXXV iii.  1882.  Additional  Note  on  certain  Inclusions  in 
Granite.     By  J.  Arthur  Phillips,     pp.  216,  217. 

Vol.  xxxix.  1883.  The  Hornblendic  and  other  Schists  of  the 
Lizard  District,  with  some  Additional  Notes  on  the  Ser- 
pentine.    By  T.  G.  Bonney,  f.r.8.'    pp.  1-24. 

Vol.  xl.  1884.  On  the  Serpentine  and  Associated  Rocks  of 
Porthalla  Cove.     By  J.  H.  Collins,     pp.  458-473. 

Vol.  xli.  1885.  On  a  Deposit  of  Pliocene  Age  at  St  Erth, 
near  the  Land's  End.  By  the  late  Searles  V.  Wood, 
pp.  65-73. 
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districts,  have  for  their  special  object  the  fostering  of  these  mining 
interests. 

Your  Society  is  thus  relieved  of  the  chief  responsibility  in  this 
matter.  Your  council  are  nevertheless  as  anxious  as  ever  to 
promote  a  closer  connection  with  these  societieaii  and  to  co^penfte 
with  them  for  the  benefit  of  students  and  of  Cornish  interests. 

Another  feature  in  addition  to  the  decline  of  mining  ente^ 
prises  affects  the  number  and  importance  of  the  papers  toad 
before  you. 

Owing  partly  to  the  improved  means  of  locomotion,  and  partlj 
to  the  natural  tendency  of  the  present  day,  the  practice  prevails 
to  an  increasing  extent  of  reading  important  papers  at  the  great 
centres  of  science,  where  they  can  be  fully  considered  and  dis- 
cussed. This  however  is  not  by  any  means  a  new  feature. 
Prof.  Sedgwick  in  1821  published  his  admirable  paper  on  the 
"  Physical  Structure  of  the  Lizard  District,"  in  the  TranaaeHom 
of  the  Cambridge  Philosophical  Society.  (VoL  i.  p.  291.)  The 
Quarterly  Journal  of  the  Geological  Society  contains  some  ex- 
tremely valuable  contributions  on  the  Geology  of  Cornwall,  with 
which  those  who  are  desirous  of  assisting  the  progress  of  geology 
in  the  county  should  make  themselves  familiar.  In  the  volumes 
for  1850  and  1851  will  be  found  Mr.  Godwin  Austen's  references 
to  the  "Kaised  Beaches"  and  "Head"  of  your  coasts.  Prof. 
Sedgwick's  paper  on  the  slate  rocks  of  Devon  eind  Cornwall 
appeared  in  1852.  The  volumes  for  1875,  1876,  and  1878  con- 
tain Mr.  John  Arthur  Phillips's  papers  on  the  rocks  of  the  mining 
districts  of  Cornwall,  and  on  the  so-called  "Greenstones"  of 
ComwalL  In  the  volume  for  1876  also  appears  Mr.  S.  Allport's 
paper  on  the  "Metamorphic  Hocks  surrounding  the  Land's  £n4 
Mass  of  Granite."  Prof.  Bonney's,  on  the  Lizard  district^  ap- 
peared in  1877.  These  papers  mark  an  epoch  in  the  history  of 
Cornish  Geology.  These  throe  geologists  were  the  first  to  bring 
the  microscope  to  the  aid  of  chemical  analysis  in  determining  the 
character  and  composition  of  Cornish  Rocks. 

Mr.  Philips  came  to  the  conclusion  that  many  of  the  so-called 
"Greenstones"  of  central  and  east  Cornwall  were  ancient  lava 
flows  interbedded  with  the  slates  and  schists  of  the  district,  and 


REPORT  OP  THE  COUNCIL. 


The  Council,  in  presenting  their  Eightieth  Annual  Report^  have 
the  honour  of  once  again  congratulating  the  Memhers  upon  the 
continued  well-heing  of  the  Society.  Some  valuable  papers  have 
during  recent  years  been  added  to  the  Transactions,  and  the  latest 
issues  are  of  especial  interest  to  those  who  make  a  study  of  the 
rocks  or  the  PalsBzoic  fossils  of  Cornwall. 

The  roll  of  Members  varies  but  little,  the  numbers  being  well 
maintained. 

During  the  past  year  but  few  specimens  have  been  added  to 
your  collections.  These  are  set  forth  in  the  Curator's  Report. 
A  specimen  of  Pigotite,  a  rare  Cornish  mineral,  is  worthy  of 
special  mention.  Visitors  to  your  Museum  are  as  numerous 
as  ever. 

Your  Librarian  will  inform  you  that  the  number  of  books, 
acquired  by  purchase  or  presentation,  has  in  no  way  fallen  off.  It 
is  satisfactory  to  note  that  frequent  use  is  made  of  the  contents  of 
the  Library,  many  books  being  taken  out  by  members  of  the 
Society.  Increased  accommodation  in  the  way  of  shelf  room  has 
permitted  a  more  convenient  display  of  volumes  formerly  stowed 
away  in  cupboards,  and  facilitated  reference. 

In  accordance  with  a  previous  resolution,  and  opinion  expressed 
at  the  last  Annual  Meeting,  the  first  joint  meeting  of  the  Scientific 
Societies  of  the  county  was  held  in  the  rooms  of  the  Koyal 
Institution  of  Cornwall,  at  Truro,  on  the  27th  July  of  this  year, 
that  town  and  time  being  thought  suitable  in  consequence  of  the 
Cornish  Fisheries  Exhibition  being  there  and  then  held.  Some 
interesting  papers  were  read,  this  Society  being  represented  by 
the  President  in  a  paper  on  Mullion  Island.  A  similar  meeting 
will  probably  take  place  in  Penzance  in  the  spring  of  the  coming 
year. 
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Your  Council  propose  instituting  a  series  of  evening  Lectures 
on  Geology  and  Mineralogy,  to  be  delivered  in  this  room  during 
the  winter  months.  It  is  suggested  that'  the  last  Friday  in  each 
month,  so  far  as  may  be  practicable,  at  eight  o'clock  p.m.,  be  the 
day  and  hour  of  meeting.  Mr.  Collins  has  kindly  consented  to  give 
the  first  lecture,  "  On  Some  of  the  Fossils  in  the  Museum,"  this 
day  fortnight — on  Friday,  the  24th  inst  The  President  and  Mr. 
J.  D.  Enys  likewise  will  occupy  evenings,  and  other  lecturers  are 
in  reserve  for  later  dates. 

It  is  with  much  regret  that  the  Council  have  to  chronicle  the 
death  of  one  of  the  oldest  members  and  a  former  President  of 
the  Society — Mr.  Hugh  Seymour  Tremenheere — whose  name  first 
appears  upon  the  roll  in  1839.  He  died  at  his  residence  in 
Thurloe  Square,  London,  on  the  16th  September  last,  havin*; 
reached  his  89th  year.  Particularly  attached  to  the  land  of  his 
fathers,  and  ever  solicitous  for  the  welfare  of  his  countrymen,  Mr. 
Tremenheere  frequently  visited  West  Cornwall,  and  wrote  largely 
and  broadly  on  many  subjects.  Towards  this  Society  and  its 
objects  he  was  particularly  inclined,  and  his  addresses  from  the 
Presidential  chair,  which  he  occupied  for  four  years,  are  distin- 
guished by  their  deep  thought,  practical  suggestions,  and  literary 
ability. 

A  young  and  promising  Member  has  also  been  removed  by  death 
since  the  last  Annual  Meeting — Mr.  Henry  Nicholas  Harvey,  who 
died  on  the  14th  December.  He  was  a  painstaking  and  persever- 
ing student,  and  it  is  feared  Uiat  he  somewhat  hastened  Lis 
decease  by  his  devotion  to  science. 

Amongst  our  Honorary  Members,  we  have  suffered  loss  by  the 
death  of  Sir  Richard  Owen,  who  had  reached  such  distinction  in 
the  scientific  world  as  is  attained  by  but  few. 

As  Ordinary  Members  of  the  Society,  the  Council  have  the 
pleasure  of  recommending  the  election  of  Mr.  G.  Davey,  of  Las 
Trojes,  Ocampo,  Michoacan,  Mexico,  and  the  Lord  Bishop  of 
Truro. 

GEORGE  BOWX  MILLETT, 
Secretary  and  Curator. 

Penzaiice^  lOth  Xov.^  1893. 


LIBRARIAN'S  REPORT. 

Ftom  Nov.  lit»  1892,  to  Oot  Silt,  1888. 


The  following  works  have  been  added   to  the   Library   during 
the  year: 

L   TKANSACTIONS,  JOURNALS,  AND  REPORTS. 

Presented  by  the  respective  Societies^  Editors^  and  other  Donors, 

or  purchased. 

Adelaide.     South  Australian  School  of  Mines  and  Industries,  and 
Technological  Museum. 
Fourth  Annual  Report,  1892.  8vo.     Adelaide,  1893. 

.     Catalogue  of  South  Australian  Minerals,  with  the  Mines 

and  other  localities  where  found.     By  H.  Y.  L.  Brown, 
Government  Geologist.  8vo.     Adelaide,  1893. 

Australasia.     Geological  Society. 

Transactions :  VoL  i.,  part  6.    Royal  8vo.    Melbourne,  1892, 

Australasian  Association  for  the  Advancement  of  Science. 

Report  of  the  Fourth  Meeting,  held  at  Hobart,  Tasmania,  in 
January,  1892.  8vo.     Hobart^  Tasmania,  1893. 

Boston.     American  Academy  of  Arts  and  Sciences. 

Proceedings :  New  Series,  vol.  xix.    May,  1891,  to  May,  1892. 

Royal  8vo.     Boston,  1893. 
Bristol.     Naturalists*  Society. 

Proceedings :  New  Series,  vol.  vii.,  part  2,  1892-93. 

8vo.     Bristol,  1893. 
List  of  Oflficers,  &c.  8vo.     Bristol,  1893. 
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of  crinoidea  in  a  greenish  slate  from  the  fields  near  St  Just  in 
Boseland.  Professor  Lapworth  last  Easter  found  traces  of  fcenk 
in  the  slates  of  the  Nare  Point,  Meneage,  and  in  the  conglomenta 
of  that  district.  Mr.  F.  J.  Stephens  has  recently  found  f oeailiferoos 
limestone  in  the  "Head"  hetween  Maenporth  and  Bosemullion. 
In  none  of  the  cases,  however,  that  I  have  cited  were  the  fossils 
foimd  to  he  in  sufhciently  good  preservation  to  determine  tbe 
geological  age  of  the  rocks  in  which  they  were  discovered. 

You  occupy  then,  as  Comishmcn,  this  unique  and  interesting 
position.  You  have  possibly  more  unsolved  problems  in 
Cornwall  than  exist  in  any  other  county  of  England,  notwith- 
standing that  your  180  miles  of  sea  coast,  besides  the  numerous 
estuaries,  give  you  an  unrivalled  extent  of  sections  for  study. 
The  true  geological  structure  has  yet  to  be  made  out,  and  the 
age  and  sequence  of  the  stratified  deposits  covering  large  tncts 
have  to  be  determined.  Only  a  beginning  has  been  made  on 
the  study  of  the  rocks  by  modern  petrographical  method& 
These  facts  should  stimulate  your  members  to  exertion. 

Let  us  now  consider  in  which  direction  these  eiforts  can  be 
most  usefully  applied. 

At  your  last  annual  meeting  Mr.  Worth  appealed  to  you  to 
study  the  granitic  areas  of  Cornwall;  and  Mr.  Collins,  in  con- 
tributing a  "  Working  list  of  the  Palseozoic  fossils  of  Cornwall  ** 
in  your  museum,  appealed  to  local  students  to  search  the  cliffs 
and  quarries  for  fossils  more  diligently  than  liitherto.  I  would 
venture  earnestly  to  support  those  appeals. 

Our  late  eminent  leader  and  authority  on  all  matters  connected 
with  the  geology  of  Cornwall,  Sir  Warington  Smyth,  in  one 
of  his  many  brilliant  presidential  addresses,  reminded  you  that 
your  Society  "was  formed  for  the  promotion  of  science  by  the 
personal  observation  of  its  members." 

My  friend  Mr.  Teall,  who  hoped  to  have  been  with  us 
to-day,  writes  to  me  as  follows,  on  the  same  subject — 

**Xo  doubt  there  are  in  Cornwall  many  among  the  youth  of 
both  sexes  who  are  both  ready  and  willing  to  help  on  the  cause  of 
science  if  they  can  only  see  the  way  to  begin.  Let  me  now 
endeavour  to  point  out  to  such  what  appears  to  me  to  be  the  best 
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>lorado.     Scientific  Society. 

Proceedings  (in  separate  pamphlets),  viz. : 

The  Production  of  Columbous  and  Tungstous  Oxides  in 
forming  Compounds  of  Iron  and  Tin,  By  Wm.  P. 
Headden.     Read  Jan.  2nd,  1893. 

The  Latest  Method  of  Electric  Car  Control  By  Irving 
Hale.     Read  April  3rd,  1893. 

A  Review  of  the  Russell  Process.  By  L.  D.  GodshalL 
Read  May  1st,  1893. 

Certain  Dissimilar  Occurrences  of  Gold-bearing  Quartc 
By  T.  A.  Rickard  (iUustrated).     Read  Sept  4th,  1893. 

8vo.     Denver,  1892-93. 

orpat.     Dorpater  Naturforscher — Gesellschaft. 
Sitzungsberichte :  Band  z.,  heft  1,  1892. 

8vo.     Dorpat,  1893. 

ilmouth.     Royal  Cornwall  Polytechnic  Society. 

Sixtieth  Annual  Report,  1892.         8vo.     Fahnouth,  1892. 

reiberg.     Jahrbuch  f iir  das '  Berg-  und  Hiittenwesen  im  Konig- 
reiche  Sachsen,  auf  das  jahr  1887.     II.  Theil. 

8vo.     Freiberg,  1887. 

die  jahre  1888,  1889,  1890,  1891,  1892. 

8vo.     Freiberg,  1888-92. 
Linois.     Mining  Institute. 

Journal :  Vol  i.,  1892-93. 

Royal  8vo.     Springfield,  Illinois,  1893, 

idia.     Geological  Survey  of  India. 
Records :  Vol.  xxv.,  part  4,  1892. 

(Including  Title-page  and  Contents  of  Vol  xxv.) 

Royal  8vo.     Calcutta,  1892. 

„        Vol  XX vL,  parts  1-3,  1893. 

Royal  8vo.     Calcutta,  1893. 

eicester.     Literary  and  Philosophical  Society. 

Transactions :    New   Quarterly   Series.      VoL   ii.,   part   12, 
July,  1892  (including  Index,  etc.), 
VoL  iii.,  parts  1,  2,  October,  1892,  January,  1893. 

8vo.     Leicester,  1892-93. 
VOL.  XI.  2  N 
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Liverpool.     Geological  Association. 

Journal:  VoL  xii,  Session  1891-92. 

8va     liverpool,  1892. 

London.     British  Association  for  the  Advancement  of  Science. 
Report  of   the  Sixty-second  Meeting,   held  at  Edinburgh 
in  August^  1892.  8vo.     London,  1893. 

■  Greological  Society  of  London. 

List  .  .  .  November  1,  1892.  8vo.     London,  1892. 

Quarterly  Journal:  VoL  xlviii,  part  i,  No.  192,  Nov.,  1892, 
„  „  „    xlix.,  parts  1-3,  Nos.  193-195,  Feb, 

May,  and  August,  1893. 

8vo.     London,  1892-93. 
— .     Greologists'  Association. 

Proceedings:    VoL  xiL,  parts  9,  10,  Aug.  and  Nov.,  1892. 

(Also  Ck)ntents  and  Index  for  voL  xiL) 
„  Vol.  xiii.,  parts  1-4,  February  to  August^  1893. 

List  .  .  .  November,  1892.     8vo.     London,  1892-93. 

.     London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 

Series  V.     VoL  xxxiv.,  Nos.  210,  211,  Nov.  and  Dec,  1892. 
„  J,    XXXV.,  Nos.  212-217,  January-June,  1893. 

„  „    xxxvL,  Nos.  218-221,  July-October,  1893. 

8vo.     London,  1892-93.     Purchased. 

.     PalsBontographical  Society. 

Vol.  xlvi.,  for  1892.     4to.     London,  1892.     Purchased. 

.     Royal  Society. 

.   Proceedings:   VoL  lii.,  Nos.  316-320,  November,  1892,  to 

April,  1893. 
„     liiL,  Nos.  321-325,  May  to  August,  1893. 
„     liv.,  No.  326,  September  30th,  1893. 

8vo.     London,  1892-93. 

Mines.  Report  of  C.  Le  Neve  Foster,  H.M.  Inspector  of 
Mines  for  the  North  Wales  and  Isle  of  Man  District^ 
year  1892.     Metalliferous  and  Slate  Mines  Acts. 

Folio.     London,  1893. 
Mines.    Summaries  of  the  Statistical  Portion  of  the  Reports 
of  H.M  Inspectors  of  Mines,  year  1892.     Coal,  Metalh- 
ferous,  and  Slate  Mines  Acts.     Folio.     London,  1893, 
[Presented  by  Dr.  C.  Le  Neve  Foster.] 


)> 


» 


Librarian! s  Report.  521 

Manchester.     Geographical  Society. 

Journal :  Vol,  vii.,  Nos.  10-12,  October  to  December,  1891. 

8vo.     Manchester,  1892. 

„     viii.,  No&  1-6,  January  to  June,  1892. 

8yo.     Manchester,  1893. 

„     ix..  Nob.  1-6,  January  to  June,  1893. 

8vo.     Manchester,  1893. 
.     Geological  Society. 

Transactions:  VoL  xxiL,  parts  1-11,  Session  1892-93. 

8vo.     Manchester.     1892-93. 
■  Museum,  Owen's  College, 

Museum  Handbooks : 

Catalogue  of  the  Type  Fossils.     By  Herbert  Bolton. 

8vo.     Manchester,  1893. 
Outline  Classification  of   the  Animal  Kingdom.      By  A. 
Milnes  Marshall     Second  edition,  enlarged. 

8vo.     Manchester,  1892. 
Outline  Classification  of  the  Vegetable  Kingdom.      By 
F.  E.  Weiss.  8vo.     Manchester,  1892. 

Netherlands — India.  Jaarboek  van  het  Mijnwezen  in  Neder- 
landsch  Oost-Indie  Uitgegeven  op  last  van  Zijne  Excellentie, 
den  Minister  Van  Kolonien.  2l8t  year,  1892.  Technisch-en 
Administratief  Tweede  Gedeelte. 

8yo.     Amsterdam,  1892. 

.     22nd   year,    1893.      Technisch-Administratief-en-Wpten- 

schappelijk  Gedeelte  [including  Atlas,  as  below]. 

8vo.     Amsterdam,  1893. 

.     Topografische,   Geologische,   Mineralogische-en-Mynbouw- 

kundige  Beschrijving  Kaart  van  een  Gedeelte  der  Afdeeling 

Martapobra  in  de   residentie   Zinder-en-Oosterafdeeling 

Van  Borneo,  met  elf  Kaarten  in  14  Bladen  door  den  Mijn- 

ingenieur  J.  A.  Hoozb. 

Oblong  4to.     Amsterdam,  1893. 

Newcastle-upon-Tyne.      North  of  England  Institute  of   Mining 
and  Mechanical  Engineers. 
Transactions :  VoL  xxxix.,  part  3.     Issued  September,  1892. 

„     xl.,  part  5.     Issued  October,  1892. 
„     xli.,  parts  6,  6.     Issued  November,  1892, 
January,  1893. 
2  N  2 
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QUARTERLY  JOURNAL  OF  THE  GEOLOGICAL 

SOCIETY,    1845-1893. 


List  of  the  most  important  Papers  relating  to  the  Greology  of 
Cornwall  which  have  appeared  in  the  above  jonmaL 

YoL  iv.  1848.  On  the  Landslip  at  the  Lizard.  By  the  Rev. 
C.  A.  Johns,     pp.  193-4. 

VoL  VL  1850.  On  the  Valley  of  the  English  ChanneL  By 
R.  A.  C.  Austen,  f.r.8.     pp.  69-97. 

Vol.  vii.  1851.  On  the  Superficial  Accumulations  of  the  CoastB 
of  the  English  Channel  and  the  Changes  they  indicate.  By 
R.  A.  C.  Austen,  f.rs.     pp.  118-136. 

VoL  viii.  1852.  On  the  Slate  Rocks  of  Devon  and  Com  wall 
By  the  Rev.  A.  Sedgwick,  f.r.s.     pp.  1-19. 

Vol.  X.  1854.  On  Auriferous  Quartz  Rocks  in  North  Cornwall 
By  S.  R.  Pattison.     pp.  247-9. 

Vol.  X.  1854.  On  some  Intrusive  Igneous  Rocks  in  Cawsand 
Bay,  near  Plymouth.    By  Leonard  Horner,  p.  r.s.    pp.  359-366. 

Vol.  xi.  1855.  On  Sand  worn  Granite  near  the  Land's  End. 
By  R.  W.  Eox.     p.  549. 

VoL  xvii.  1861.  On  the  Occurrence  of  Large  Granite  Boulders 
at  a  Great  Depth  in  West  Rosewamo  Mine,  Gwinoar.  By 
H.  C.  Salmon,     pp.  517-522. 

Vol.  xxii.  1866.  A  Description  of  some  Remarkahle  "Heaves" 
or  Throws  in  Penhalls  Mine.     By  J.  W.  Pike,     pp,  535-7. 

Vol.  xxiv.  1868.  On  the  Older  Rocks  of  South  Devon  and 
East  Cornwall.     By  Dr.  Harvey  B.  Holl.     pp.  400-454. 

Vol.  xxiv.  1868.  On  the  Discovery  of  the  Remains  of  Cepha- 
laspidian  Fishes  in  Devonshire  and  Cornwall ;  and  on  the 
Identity  of  Steganodictyum,  McCoy,  with  Genera  of  these 
Fishes.     By  E.  Ray  Lankester.     pp.  546-7. 


Anniversary  Address  of  the  President.     513 

Vol.  xxxl  1875.  The  Rocks  of  the  Mining  Districts  of  Corn- 
wall and  their  Relation  to  Metalliferous  Deposits.  By  J. 
Arthur  PhiUips.     pp.  319-345. 

Vol  xxxii.  1876.  The  Drift  of  Devon  and  Cornwall:  its 
Origin,  Correlation  with  that  of  the  South-east  of  England, 
and  Place  in  the  Glacial  Series.    By  Thomas  Belt.    pp.  80-90. 

Vol.  xxxii.  1876.  On  the  so-called  "Greenstones"  of  Western 
Cornwall     By  J.  Arthur  Phillips,     pp.  155-179. 

Vol.  xxxii.  1876.  On  the  Metamorphic  Rocks  surrounding  the 
Land's  End  Mass  of  Granite.     By  S.  Allport     pp.  407-427. 

Vol  xxxiii.  1877.  On  the  Serpentine  and  Associated  Rocks 
of  the  Lizard  District.  By  the  Rev.  T  G.  Bonney.  With 
Notes  on  the  Chemical  Composition  of  some  of  the  Rocks 
of  the  Lizard  District.     By  W.  H.  Hudleston.     pp.  884-928. 

Vol.  xxxiv.  1878.  On  Terminal  Curvature  in  the  South-western 
Counties.     By  W.  A.  E.  Ussher.     pp.  49-55. 

Vol  xxxiv.  1878.  On  the  so-called  "Greenstones"  of  Central 
and  Eastern  Cornwall.     By  J.  Arthur  Phillips,     pp.  471-497. 

Vol.  xxxiv.  1878.  On  the  Great  Flat  Lode  South  of  Redruth 
and  Camborne,  and  some  other  Tin  Deposits  formed  by  the 
Alteration  of  Granite.     By  C.  Le  Neve  Foster,     pp.  640-653. 

Vol.  xxxiv.  1878.  On  some  Tin  Stockworks  in  Cornwall.  By 
C.  Le  Keve  Foster,     pp.  654-9. 

Vol.  xxxvi.  1880.  On  Concretionary  Patches  and  Fragments 
of  other  Rocks  contained  in  Granite.  By  J.  Arthur  Phillips, 
pp.  1-22. 

Vol.  xxxviiL  1882.  Additional  Note  on  certain  Inclusions  in 
Granite.     By  J.  Arthur  Phillips,     pp.  216,  217. 

Vol.  xxxix.  1883.  The  Hornblendic  and  other  Schists  of  the 
Lizard  District,  with  some  Additional  Notes  on  the  Ser- 
pentine.    By  T.  G.  Bonney,  f.r.8.'    pp.  1-24. 

Vol.  xl.  1884.  On  the  Serpentine  and  Associated  Rocks  of 
Porthalla  Cove.     By  J.  H.  Collins,     pp.  458-473. 

Vol.  xli.  1885.  On  a  Deposit  of  Pliocene  Age  at  St.  Erth, 
near  the  Land's  End.  By  the  late  Searles  V.  Wood, 
pp.  65-73. 
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Vol.  xlii.  1886.  On  the  Pliocene  Beds  of  St.  Erth.  By  Percy 
F.  Kendall  and  R  G.  Bell.  With  Appendix  by  Br.  G.  J. 
Hinde.     pp.  201-215. 

Vol.  xlii.  1886.  On  the  Existence  of  a  Submarine  Triassic 
Outlier  in  the  English  Channel,  off  the  Lizard.  By  R  N. 
Worth,     pp.  313-315. 

Vol.  xlii.  1886.  On  some  Eruptive  Books  from  the  neighbou^ 
bourhood  of  St.  Minver.     By  Frank  Rutley.     pp.  392-401. 

Vol.  xliv.  1888.  On  the  Gneissic  Rocks  off  the  Lizard.  iBy 
Howard  Fox.  With  Notes  on  the  Specimens.  By  J.  J.  H. 
TealL 

Vol.  xlv.  1889.  On  the  Homblendic  Schists  and  Banded 
Crystalline  Kocks  of  the  Lizard.  By  Major-General  C.  A. 
McMahon.     pp.  519-544. 

Vol.  xlvii.     1891.  Results  of  an  Examination  of  the  Crystalline 

Rocks  of  the  Lizard  District.      By  Prof.  T.  G.   Bonney, 

F.R.&,   V.P.O.8.,  and  Major-General  C.   A.   McMahon.     pp^ 
464-499. 

Vol.  xlviii.  1892.  On  the  Raised  Beaches  and  "Head"  or 
Rubble  Drift  of  the  South  of  England :  their  Relation  to 
the  Valley  Drifts  and  to  the  Glacial  Period;  and  on  a 
late  Post-glacial  Submergence.  By  Prof.  Jos.  Prestwich, 
P.R.8.     pp.  263-343. 

Vol.  xlix.  1893.  On  some  Coast  Sections  at  the  Lizard  and 
on  a  Radiolarian  Chert  from  Mullion  Island.  By  Howanl 
Fox  and  J.  J.  H.  Teall,  f.r.8.  With  Note  on  the  Radiolaria. 
By  Dr.  G.  J.  Hinde,  v.p.g.s. 


REPORT  OF  THE  COUNCIL. 


The  Council,  in  presenting  their  Eightieth  Annual  Report^  have 
the  honour  of  once  again  congratulating  the  Members  upon  the 
continued  well-being  of  the  Society.  Some  valuable  papers  have 
during  recent  years  been  added  to  the  Transactions,  and  the  latest 
issues  are  of  especial  interest  to  those  who  make  a  study  of  the 
rocks  or  the  PalaBzoic  fossils  of  Cornwall. 

The  roll  of  Members  varies  but  little,  the  numbers  being  well 
maintained. 

During  the  past  year  but  few  specimens  have  been  added  to 
your  collections.  These  are  set  forth  in  the  Curator's  Report. 
A  specimen  of  Pigotite,  a  rare  Cornish  mineral,  is  worthy  of 
special  mention.  Visitors  to  your  Museum  are  as  numerous 
as  ever. 

Your  Librarian  will  inform  you  that  the  number  of  books, 
acquired  by  purchase  or  presentation,  has  in  no  way  fallen  off.  It 
is  satisfactory  to  note  that  frequent  use  is  made  of  the  contents  of 
the  Library,  many  books  being  taken  out  by  members  of  the 
Society.  Increased  accommodation  in  the  way  of  shelf  room  has 
permitted  a  more  convenient  display  of  volumes  formerly  stowed 
away  in  cupboards,  and  facilitated  reference. 

In  accordance  with  a  previous  resolution,  and  opinion  expressed 
at  the  last  Annual  Meeting,  the  first  joint  meeting  of  the  Scientific 
Societies  of  the  county  was  held  in  the  rooms  of  the  Hoyal 
Institution  of  Cornwall,  at  Truro,  on  the  27th  July  of  this  year, 
that  town  and  time  being  thought  suitable  in  consequence  of  the 
Cornish  Fisheries  Exhibition  being  there  and  then  held.  Some 
interesting  papers  were  read,  this  Society  being  represented  by 
the  President  in  a  paper  on  Mullion  Island.  A  similar  meeting 
will  probably  take  place  in  Penzance  in  the  spring  of  the  coming 
year. 
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Your  Council  propose  instituting  a  series  of  evening  Lectures 
on  Geology  and  Mineralogy,  to  be  delivered  in  this  room  during 
the  winter  months.  It  is  suggested  that'  the  last  Friday  in  each 
month,  so  far  as  may  be  practicable,  at  eight  o'clock  p.m.,  be  the 
day  and  hour  of  meeting.  Mr.  Collins  has  kindly  consented  to  give 
the  first  lecture,  "  On  Some  of  the  Fossils  in  the  Museum,"  this 
day  fortnight — on  Friday,  the  24th  inst.  The  President  and  Mr. 
J.  D.  Enys  likewise  will  occupy  evenings,  and  other  lecturers  are 
in  reserve  for  later  dates. 

It  is  with  much  regret  that  the  Council  have  to  chronicle  the 
death  of  one  of  the  oldest  members  and  a  former  President  of 
the  Society — Mr.  Hugh  Seymour  Tremenheere — whose  name  first 
appears  upon  the  roll  in  1839.  He  died  at  his  residence  in 
Thurloe  Square,  London,  on  the  16th  September  last,  havin<; 
reached  his  89th  year.  Particularly  attached  to  the  land  of  his 
fathers,  and  ever  solicitous  for  the  welfare  of  his  countrymen,  Mr. 
Tremenheere  frequently  visited  West  Cornwall,  and  wrote  largely 
and  broadly  on  many  subjects.  Towards  this  Society  and  its 
objects  he  was  particularly  inclined,  and  his  addresses  from  the 
Presidential  chair,  which  he  occupied  for  four  years,  are  distin- 
guished by  their  deep  thought,  practical  suggestions,  and  literary 
abUity. 

A  young  and  promising  Member  has  also  been  removed  by  death 
since  the  last  Annual  Meeting — Mr.  Henry  Nicholas  Harvey,  who 
died  on  the  14th  December.  He  was  a  painstaking  and  persever- 
ing student,  and  it  is  feared  Uiat  he  somewhat  hastened  Lis 
decease  by  his  devotion  to  science. 

Amongst  our  Honorary  Members,  we  have  suffered  loss  by  the 
death  of  Sir  Richard  Owen,  who  had  reached  such  distinction  in 
the  scientific  world  as  is  attained  by  but  few. 

As  Ordinary  Members  of  the  Society,  the  Council  have  the 
pleasure  of  recommending  the  election  of  Mr.  G.  Davey,  of  Las 
Trojes,  Ocampo,  Michoacan,  Mexico,  and  the  Lonl  Bishop  of 
Truro. 

GEORGE  BOWN  MILLETT, 
Secretary  and  Curator. 

Penzance,  10^  Nov.,  1893. 


LIBRARIAN'S  REPORT. 

Ftom  Nov.  lit»  1882,  to  Oot  81lt»  1888. 


The  following  works  have  been  added   to  the   Library   during 
the  year: 

L   TRAKSACTIONS,  JOURNALS,  AND  REPORTS. 

Presented  by  the  respective  Societies^  Editors^  arid  other  Donwrs^ 

or  purchased, 

Adelaide.     South  Australian  School  of  Mines  and  Industries,  and 
Technological  Museum. 
Fourth  Annual  Report,  1892.  8vo.     Adelaide,  1893. 

.     Catalogue  of  South  Australian  Minerals,  with  the  Mines 

and  other  localities  where  found.     By  H.  Y.  L.  Brown, 
Government  Geologist.  8vo.     Adelaide,  1893. 

Australasia.     Geological  Society. 

Transactions :  Vol.  i.,  part  6.    Royal  8vo.    Melbourne,  1892, 

Australasian  Association  for  the  Advancement  of  Science. 

Report  of  the  Fourth  Meeting,  held  at  Hobart,  Tasmania,  in 
January,  1892.  8vo.     Hobart,  Tasmania,  1893. 

Boston.     American  Academy  of  Arts  and  Sciences. 

Proceedings  :  New  Series,  vol.  xix.    May,  1891,  to  May,  1892. 

Royal  8vo.     Boston,  1893. 
Bristol.     Naturalists'  Society. 

Proceedings  :  New  Series,  vol.  vii.,  part  2,  1892-93. 

8vo.     Bristol,  1893. 
List  of  Officers,  &c.  8vo.     Bristol,  1893. 
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Brussels.     Soci^t^  Royale  Malacologique  de  Belgique. 

Procte-verbal :  VoL  xx.,  pp.  57-112,  July  to  Dec.,  1891. 
„  „    XXL,  pp.  1-66,  Jan.  to  Sept.,  1892. 

8vo.     Bnixelles,  1891-92. 

Camborne.     Mining  Association  and  Institute  of  ComwalL 

Transactions :  Vol.  iii.,  parts  1,  2.     8vo.     Camborne,  1892. 
„  Extra  number  (Excursion  to  South  Wales). 

8vo.     Camborne,  1890. 
„  VoL  iv.,  part  1  (including  Title-page  for  vol.  iil ). 

8vo.     Camborne,  1893. 
Canada.     Canadian  Institute,  Toronto. 

Transactions:  VoL  iii.,  part  1,  December,  1892. 

Royal  8vo.     Toronto,  1892. 

.     Geological  and  Natural  History  Survey. 

Catalogue  of  Section  one  of  the  Museum,  embracing  the 
Systematic  Collection  of  Minerals.     By  G.  C.  Hofifmann. 

Eoyal  8vo.     Ottawa,  1893. 
Contributions  to  Canadian  PalfiBontology :   Vol.  L,  part  4. 
By  J.  F.  Whiteaves.  Royal  8vo.     Ottawa,  1892. 

.     Royal  Society  of  Canada. 

Proceedings  and  Transactions  for  1891,  voL  ix. 

4to.     Montreal,  1892. 
„  „  1892,  vol  X. 

4to.     Ottawa,  1893. 

Chicago.     The    World's    Congress    Auxiliary    (of    the    World's 
Columbian  Exposition.)     Report.     8vo.     Chicago,  1893. 

Cincinnati.     Society  of  Natural  History. 

Journal:  Vol.  xv.,  Nos.  3,  4.  October,  1892,  to  January,  1893. 

„    xvi.,  No.  1.     April,  1893. 

8vo.     Cincinnati,  1893. 
Colorado.     Scientific  Society. 

Proceedings  (in  separate  pamphlets),  viz. : 

The    Post-Laramic    Beds    of    Middle    Park,    Cola      By 

Whitman  Cross.     Read  Oct.  3rd,  1892. 
A  Volumetric  Method  for  the  Determination  of  Lead.     By 

F.  C.  Knight.     Road  Nov.  7th,  1892. 
On  a  Series  of  Peculiar  Schists  near   Salida,  Colorada 

By  Whitman  Cross.     Read  Jan.  2nd,  1893. 
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Colorado.     Scientific  Society. 

Proceedings  (in  separate  pamphlets),  viz. : 

The  Production  of  Columbons  and  Tungstous  Oxides  in 
forming  Compounds  of  Iron  and  Tin.  By  Wm.  P. 
Headden.     Read  Jan.  2nd,  1893. 

The  Latest  Method  of  Electric  Car  Control  By  Irving 
Hale.     Read  April  3rd,  1893. 

A  Review  of  the  Russell  Process.  By  L.  D.  GodshalL 
Read  May  Ist,  1893. 

Certain  Dissimilar  Occurrences  of  Gold-bearing  Quarts. 
By  T.  A.  Rickard  (illustrated).     Read  Sept.  4th,  1893. 

8vo.     Denver,  1892-93. 

»  .     -     • 

Dorpat.     Dorpater  Naturforscher — Gesellschaft. . 
Sitzungsberichte :  Band  x.,  heft  1,  1892. 

8vo.    Dorpat^  1893. 

Falmouth.     Royal  Cornwall  Polytechnic  Society. 

Sixtieth  Annual  Report,  1892.        8vo.     Fahnouth,  1892. 

Freiberg.     Jahrbuch  f  iir  das '  Berg-  und  Hiittenwesen  im  Konig- 
reiche  Sachsen,  auf  das  jahr  1887.     II.  TheiL 

8vo.     Freiberg,  1887. 

die  jahre  1888,  1889,  1890,  1891,  1892. 

8vo.     Freiberg,  1888-92. 
Illinois.     Mining  Institute. 

Journal:  Vol  i.,  1892-93. 

Royal  8vo.     Springfield,  Illinois,  1893. 

India.     Greological  Survey  of  India. 
Records:  Vol  xxv.,  part  4,  1892. 

(Including  Title-page  and  Contents  of  Vol  xxv.) 

Royal  8vo.     Calcutta,  1892. 

„        Vol  xxvL,  parts  1-3,  1893. 

Royal  8vo.     Calcutta,  1893. 

Leicester.     Literary  and  Philosophical  Society. 

Transactions:    New   Quarterly   Series.      Vol   ii.,   part   12, 
July,  1892  (including  Index,  etc.). 
Vol  iil,  parts  1,  2,  October,  1892,  January,  1893. 

8vo.     Leicester,  1892-93. 
VOL.  XI.  2  N 
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Liverpool.     Geological  Association. 

Journal:  VoL  xil,  Session  1891-92. 

8vo.     Liverpool,  1892. 

London.     British  Association  for  the  Advancement  of  Science. 
Report  of   the  Sixty-second  Meeting,   held  at  Edinburgh 
in  August^  1892.  8vo.     London,  1893. 

Geological  Society  of  London. 

List  .  .  .  November  1,  1892.  8vo.     London,  1892. 

Quarterly  Journal:  VoL  xlviiL,  part  4,  No.  192,  Nov.,  1892. 

„  „  „    xlix.,  parts  1-3,  Nos.  193-195,  Feb, 

May,  and  August,  1893. 

8vo.     London,  1892-93. 
-.     Geologists'  Association. 

Proceedings:    VoL  xii.,  parts  9,  10,  Aug.  and  Nov.,  1892. 

(Also  Contents  and  Index  for  voL  xii) 

„  VoL  xiiL,  parts  1-4,  February  to  August^  1893. 

List  .  .  .  November,  1892.     8vo.     London,  1892-93. 

-.     London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 
Series  V.     VoL  xxxiv.,  Nos.  210,  211,  Nov.  and  Dec,  1892. 
„    XXXV.,  Nos.  212-217,  January-June,  1893. 
„    xxxvi.,  Nos.  218-221,  July-October,  1893. 
8vo.     London,  1892-93.     Purchased. 

-.     PalsBontograpliical  Society. 

VoL  xlvL,  for  1892.     4to.     London,  1892.     Purchased. 

-.     Royal  Society. 

Proceedings:   VoL  lii.,  Nos.  316-320,  November,  1892,  to 

April,  1893. 
„    liii.,  Nos.  321-325,  May  to  August,  1893. 
„     liv..  No.  326,  September  30th,  1893. 

8vo.     London,  1892-93. 

Mines.  Report  of  C.  Le  Neve  Foster,  H.M.  Inspector  of 
Mines  for  the  North  Wales  and  Isle  of  Man  District^ 
year  1892.     Metalliferous  and  Slate  Mines  Acts. 

Folio.     London,  1893. 
Mines.    Summaries  of  the  Statistical  Portion  of  the  Reports 
of  H.M  Inspectors  of  Mines,  year  1892.     Coal,  Metalli- 
ferous, and  Slate  Mines  Acts.     Folio.     Lohdon,  1893. 
[Presented  by  Dr.  C.  Le  Neve  Foster.] 
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Manchester.     Geographical  Society. 

Journal:  Vol.  viL,  Nos.  10-12,  October  to  December,  1891. 

8yo.     Manchester,  1892. 

viii.,  Nofik  1-6,  January  to  June,  1892. 

8vo.     Manchester,  1893. 

ix.,  Nos.  1-6,  January  to  June,  1893. 

Svo.     Manchester,  1893. 
.     Geological  Society. 

Transactions:  Vol.  xxii.,  parts  1-11,  Session  1892-93. 

8vo.     Manchester.     1892-93. 
■  Museum,  Owen's  College. 

Museum  Handbooks: 

Catalogue  of  the  Type  Fossils.     By  Herbert  Bolton. 

8ya     Manchester,  1893. 
Outline  Classification  of   the  Animal  Kingdom.     By  A. 
Milnes  Marshall.     Second  edition,  enlarged. 

8vo.     Manchester,  1892. 
Outline  Classification  of  the  Vegetable  Kingdom.      By 
F.  E.  Weiss.  8vo.     Manchester,  1892. 

Netherlands — India.  Jaarboek  van  het  Mijnwezen  in  Neder- 
landsch  Oost-Indic  Uitgegeven  op  last  van  Zijne  Excellentie, 
den  Minister  Van  Kolonicn.  2l8t  year,  1892.  Technisch-en 
Administratief  Tweede  Gedeelte. 

8vo.     Amsterdam,  1892. 

.     22nd    year,    1893.      Technisch-Administratief-en-WjBten- 

schappelijk  Gedeelte  [including  Atlas,  as  below]. 

8vo.     Amsterdam,  1893. 

,     Topografische,   Geologische,   Mineralogische-en-Mynbouw- 

kundige  Beschrijving  Kaart  van  een  Gedeelte  der  Afdeeling 

Martapobra  in  de  residentie   Zinder-en-Oosterafdeeling 

Van  Borneo,  met  elf  Kaarten  in  14  Bladen  door  den  Mijn- 

ingenieur  J.  A.  Hoozb. 

Oblong  4 to.     Amsterdam,  1893. 

Newcastle-upon-Tyne.      North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 
Transactions:  VoL  xxxix.,  part  3.     Issued  September,  1892. 

„     xl.,  part  5.     Issued  October,  1892. 
„     xli.,  parts  5,  6.     Issued  November,  1892, 
January,  1893. 
2  N  2 
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Newcastle-upon-Tyne.      Xorth  of  England  Institute  of   Mining 
and  Mechanical  Engineers. 
Transactions :  Vol  xlii.,  parts  1-4.   Issued  Jan.  to  Aug.,  1893. 
„  „     xliiL,  part  1.     Issued  October,  1893. 

Royal  8vo.     Newcastle-upon-Tyne,  1892-93. 
Report,  1891-92. 
„       1892-93. 

Royal  8vo.     Newcastle-upon-Tyne.     1892-93. 

New  South  Wales.     Royal  Society  of  New  South  Walea 

Journal  and  Proceedings :  VoL  xxvi.  (including  Index),  1892. 

8vo.     Sydney,  1893. 

.     Newspaper  Reports  on  the  Aldridgc  Collection  of  Mineral 

Specimens  at  Broken  Hill,  from  the  Barrier  District  of 
New  South  Wales.      8vo.     Broken  Hill,  N.S.W.,  1892. 

New  York.    American  Geographical  Society. 

Bulletin:  Vol.  xxiv.,  No.  4,  parts  1,  2,  1892.      (Including 

Title-page  and  Contents  for  voL  xxiv.) 
„  „     XXV.,  Nos.  1,  2.     March  and  June,  1893. 

8vo.     New  York,  1892-93. 

.     New  York  Academy  of  Sciences  (late  Lyceum  of  Natural 

History). 
Annals :  VoL  viL,  Nos.  1-5.     April,  1893. 

Royal  Svo.     New  York,  1893. 

New  Zealand.     Department  of  Mines. 

Reports  on  the  Mining  Industry  of  New  Zealand,  1892. 

FoUo.     WeUington,  N.Z.,  1892. 

■  Geological  Survey. 

Bulletin:  No.  1,  1888.  Geological  Report  on  the  Earth- 
quakes of  September,  1888,.  in  the  Amuri  and  Marl- 
borough Districts  of  the  South  Island.  By  Alexander 
McKay,  Assistant  Geologist. 

8vo.     WeUington,  N.Z.,  1888. 

North  Carolina.     Elisha  Mitchell  Scientific  Society. 

Journal:  VoL  ix.,  parts  1,  2,  January  to  December,  1892. 

8vo.     Raleigh,  N.C,  1892. 
Nova  Scotian  Institute  of  Science. 

Proceedings    and    Transactions  :     Second    Series,    VoL   L, 
part  2,  Session  of  1891-92.     8vo.     Halifax,  N.S.,  1892. 
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Paris.     Ecole  des  Mines. 

Annalos  des  Mines:  S^rie  ix.,  tome  IL,  liv.  10-12. 

8vo.     Paris,  1892. 
„  „  „     iiL,  liv.  1-7. 

8vo.     Paris,  1893. 
„  „  „     iv.,  liv.  8. 

8vo.     Paris,  1893. 

Penzance.     Natural  History  and  Antiquarian  Society. 

Report  and  Transactions,  1892-93.     8vo.     Plymouth,  1893. 

Philadelphia.     Academy  of  Natural  Sciences. 

Proceedings:     Parts    2,     3,    April    to    December,     1892. 

(Including  Index  and  Title  to  voL  for  1892.) 
„  Part  1,  January  to  March,  1893. 

8vo.     Philadelphia,  1892-93. 

.  American  Philosophical  Society. 

Proceedings:  Vol.  xxx..  No.  139,  December,  1892  (including 

Title-page  for  vol.  xxx.,  and  List  1893). 
„  ,^     xxxi.,  Nos.  140,  141,  Jan.  to  June,  1893. 

8vo.     Philadelphia,  1892-93. 
Transactions :  VoL  xvii.,  N.S.,  part  3. 

4to.     Philadelphia,  1893. 

„  „     xviii.,  N.S.,  part  1, 

4to.     Philadelphia,  1893. 
[Containing  Article   L  on  Old  Babylonian   Inscriptions, 
chiefly  from  Nippur,  by  H.  V.  Hilprecht,  Ph.D.,  with 
Photographic  and  other  Illustrations.] 

.  Wagner  Free  Institute  of  Science. 

Transactions:  Vol.  iii.,  part  2,  December,  1892  (including 
Index  to  vol.  iii.).     Imperial  8vo.     Philadelphia,  1892. 

Pisa.     Societk  Toscana  di  Scienze  NaturalL 

Processi  Verbali :  VoL  viii.,  pages  85-176,  May  to  December, 
1892.  Royal  8vo.     Pisa,  1892. 

Plymouth.     Plymouth    Institution    and    Devon    and    Cornwall 
Natural  History  Society. 
Report  and  Transactions  for  1891-92,  Vol.  xL,  part  2. 
„  „  for  1892-93,  VoL  xL,  part  3. 

8vo.     Plymouth,  1892-93. 
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Queensland.     Museum. 

Report  for  1891.     Folio.     Brisbane,  Queensland,  1892. 

.    The  Mineral  Wealth  of  Queensland.     By  Bobert  Logan 

Jack,  Grovemment  Cleologist^  Queensland. 

Svo.     Brisbane,  1888. 
On  some  Salient  Points  in  the  Geology  of  Queensland.     By 
same  Author.     From  "  Proceedings  of  Australian  Associa- 
tion for  the  Advancement  of  Science,"  p^  196. 

8vo.     Sydney,  188a 
Rochester.     Academy  of  Science. 

Proceedings :  Vol  ii.,  brochure  1. 

Roy.  8vo.    Rochester,  N.Y.,  1892. 

„  „     ii.,  brochure  2. 

Roy.  8va     Rochester,  KY.,  1893.. 

Truro.     Royal  Institution  of  Cornwall. 

Journal:  Vol.  xi.,  part  2,  May,  1893.     8vo.    Truro,  1893. 

United  States.     Department  of  the  Interior.     Geological  Surrey. 
Bulletin :  No.  82. — Correlation  Papers — Cretaceous. 

83. — Correlation  Papers — Eocene. 
84. — Correlation  Papers — Neocena 
„    85. — Correlation  Papers — The  Newcurk  System. 
„    86. — Correlation    Papers — Archean    and    Al- 

gonkian. 
„    90. — Report  of  Work  Done  in  the  Division  of 
Chemistry  and  Physics,  mainly  during 
the  Fiscal  Year  1890-91. 
„  „    91. — Record  of  North  American  Geology  for 

1890. 

„    92. — The  Compressibility  of  Liquids. 

„  93. — Some  Insects  of  Special  Interest  from 
Florissant,  Colorado,  and  other  Points 
in  the  Tertiariesof  Colorado  and  Utah. 

„    94. — The  Mechanism  of  Solid  Viscosity. 

„    95. — Earthquakes  in  California  in  1890  and 
1891. 
„  „    96. — The  Volume  Thermodynamics  of  Liquida 

8  vo.     Washington.     1 89 1-92. 
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United  States.    Department  of  the  Interior.     Geological  Survey. 

Monographs:  VoL  xvii.     The  flora  of  the  Dakota  Qroup: 

A  Posthumous  Work.     By  Leo  Lesquereux.     Edited  by 

F.  H.  Knowlton. 

4to.  {Illustrated.)    Washington,  1891. 

Monographs :  Vol.  xviii  Grasteropoda  and-  Cephalopoda  of 
the  Baritan  Clays  and  Greensand  Marls  of  New  Jersey. 
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The   following   specimens   have   been   added    to   the    Society's 
collections : 


NAME  AND  LOCALITY. 

Kadiolarian  Chert 

From  Mullion  Island 
„     SnaiVs  Creep,  Meneage  . 
„      Pendower  Beach,  Veryan 
„      Portloe  Point,  Veryan    . 
„     Pecunnen  Cove,  Gorran . 


DONOB. 


Howard  Fox,  Esq. 


Brown  Chert.    From  Dinaa  Head,  St.  Merryn  .    Howard  Fox,  Esq. 
Pigotite.    From  cavern  on  aca  coast,  St.  Levan  .    J.  W.  WethereU,  Esq. 
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LIST  OF  PAPERS  READ  AT  THE  ANNUAL  MEETING, 

November  10th,  1893. 


1.  On  the  Action  of  Wind  and  Sand  in  Catting  Stone.     IlluBtrated 
with  Specimens  from  New  Zealand.    By  John  D.  Enys,  f.q.s. 

2.  The  Origin  and  Relations  of  the  Lizard  Bocks.     By  Alexander 
SomervaiL 

3.  On  some  Remarkable  Contortions  of  Rocks  at  Rosemullion  Head. 
By  F.  J.  Stephens. 

4.  On  some  Manilla  Andesites.    By  F.  J.  Stephens. 

5.  Illustrations  of  Cornish  Fossils.     By  J.  H.  Collins,  f.q.b. 

6.  On  Greenstones  Associated  with  Radiolarian  Cherts.     By  J.  J. 
H.  Teall,  m.a.,  f.r.8.,  skc.g.s. 


ON  THE  ACTION  OP  WIND  AND  SAND  IN 

CUTTING  STONE. 

ILLUSTRATED  WITH  SPECIMENS  FROM  NEW  ZEALAND. 

By  John  D.  Ents,  F.G.S. 

(Read  Not.  lOth,  1808.) 


Obedience  to  a  superior  officer  is  generally  necessary, 
and  in  consequence  of  such  an  order  I  now  write 
this  paper. 

At  the  request  of  Professor  Martin  Duncan,  then 
President  of  the  Geological  Society  of  London  in 
1878,  I  read  a  paper  on  wind  action,  which  was 
published  in  the  Quarterly  Journal^  February,  1878. 

The  entrance  to  the  harbour  of  Wellington, 
situated  at  the  south-east  end  of  the  north  island 
of  New  Zealand,  is  formed  on  the  east  side  by 
the  high  ranges  of  the  Kemutaka  sinking  down  into 
the  sea ;  on  the  west  side  by  the  Miramar  peninsula, 
formally  known  as  Watts'  peninsula,  from  a  man 
who  landed  cattle  there  years  ago.  This  peninsula 
is  joined  to  Mount  Victoria  on  the  west  by  a  sandy 
neck  of  land,  only  slightly  elevated  above  the  sea. 
On  the  one  side  is  Lyalls  Bay,  on  the  other  Evans 
Bay,  which  forms  part  of  Wellington  harbour.  This 
neck  of  land  is  about  half  a  mile  wide,  and  divides 
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the  two  bays  from  one  another.  At  one  time,  no 
doubt,  this  formed  a  second  entrance  into  Wellington 
harbour.  This  neck  of  land  has  a  clay  bottom,  and 
sand  hills  are  situated  on  each  side  of  it.  Only  as 
late  as  1855  the  land  to  the  east  of  the  heads  of 
Wellington  harbour  was  raised  by  an  earthquake 
as  much  as  nine  feet. 

The  prevailing  winds,  which  blow  with  considerable 
force  most  days  of  the  year,  come  from  south-east 
and  north-west,  and  often  blow  with  great  strength. 

Resting  on  this  clay  are  a  number  of  small  stones, 
many  of  them  having  been  used  by  the  natives  in 
their  cooking  places,  which  are  abundant  on  thia 
neck  of  land.  The  wind  has  blown  the  sand  into 
sandhills,  and  is  constantly  shifting  this  aand  from 
side  to  side  of  the  neck,  first  to  the  north  and  then 
to  the  south.  By  this  action  the  small  stones  are 
gradually  worn  away  and  assume  a  long  shape,  with 
sides  first  sloping  to  a  flap  top,  and  then,  as  the  stone 
is  cut  away,  to  a  sharp  or  rather  rounded  edge, 
forming  a  section  when  cut  of  a  triangle  having 
rounded  edges  thus— 


The  lower  side  is  slightly  curved,  as  the  sand  cuts 
away  the  part  it  can  get  at. 
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Should  the  long  axis  of  the  stone  be  north  and 
south  the  cutting  forms  an  arrow  shape,  and  it 
was  such  a  form  which  was  first  brought  under 
the  notice  of  the  Wellington  Philosophical  Society 
by  Mr.  L.  T.  Travers  in  1869.  This  caused  some 
surprise,  as  bows  and  arrows  were  unknown  to  the 
native  Maories.  Further  examination  proved  their 
real  nature. 

If,  however,  the  axis  be  east  or  west,  the  result 
is  more  of  a  pyramid  shape ;  and  should  the  stone 
consist  of  layers,  one  harder  than  the  other,  under- 
cutting takes  place.  All  the  lighter  parts  of  the 
sand  being  blown  away,  it  is  the  harder  parts 
which  are  thus  used  in  cutting  these  stones.  The 
amount  of  sand  thus  blown  backwards  and  forwards 
is  large  enough  to  form  a  slight  haze  when  looking 
at  the  ground  from  horseback  or  even  walking. 
Putting  your  hand  down,  you  can  feel  the  sand 
particles  being  driven  by  you  with  considerable 
force. 

Some  time  since  specimens  of  pumice-stone  from 
the  mouth  of  the  Waikato  Kiver,  running  into  the 
sea  on  the  west  coast  of  the  North  Island,  were  shown 
at  a  meeting  of  the  Wellington  Philosophical  Society, 
cut  in  the  same  manner,  by  Mr.  L.  Stowe. 

The  author  claims  no  originality  in  this  paper,  but 
wishes  to  draw  attention  to  this  action  of  the  wind 
by  driving  sand  over  stones,  hoping  such  may  be 
looked  for  in  Cornwall  in  suitable  places. 


VOL.  XI.  2  o 


THE  ORIGIN  AND  RELATIONS  OP  THE 

LIZARD  ROOKS. 

Bt   Alexander   Somervail. 

(Raad  10th  November,  1893.) 


That  the  Lizard  rocks  are  made  up  of  a  great 
complex  of  igneous  origin  is  a  truth  now  placed 
beyond  dispute  by  recent  research ;  but  this  is  after 
all  only  the  statement  of  a  general  truth,  which  is 
capable  of  being  further  reduced  to  the  more  par- 
ticular one. 

All  igneous  rocks,  or  the  products  of  volcanic 
agency,  are  divisible  into  three  great  groups ;  viz., 
the  eruptive,  the  explosive,  and  the  effusive. 

The  eruptive  products  are  those  arising  from  the 
cooling  and  consolidation  of  a  molten  magma  at  the 
base  of  a  volcano ;  or  of  the  great  underground 
cauldrons  of  liquid  matter  which  feed  it,  and  which 
on  subsequent  cooling  form  great  masses  of  crys- 
talline rock.  These  rocks  constitute  the  core,  or  the 
basal  portions  of  the  once  active  volcano. 

The  explosive  products  are  those  which  by  the 
explosion  and  discharge  of  steam  and  gases  are 
ejected  from  the  vent  in  the  form  of  dust,  ashes, 
lapilli,  and  fragments  of  rocks,  of  all  sizes,  either  oi 
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the  lava  itself,  or  of  the  various  rocks  through  which 
the  vent  of  the  volcano  has  been  drilled. 

The  effusive  products  consist  of  various  kinds  of 
lava,  and  their  modifications,  which  as  molten  matter 
have  issued  from  the  crater,  and  flowed  as  streams 
down  the  sides  of  the  cone. 

Of  the  presence  of  the  two  latter  products,  the 
explosive  and  the  effusive,  there  is  no  evidence  what- 
ever in  the  Lizard  area.  There  are  neither  lavas 
nor  tuffs,  while  there  is  abundant  proof  that  all  the 
rocks  must  be  referred  to  the  eruptive  division. 

It  must  not  however  be  necessarily  inferred  that 
immediately  over  the  area  of  these  Lizard  rocks  there 
rose  a  great  volcanic  cone.  These  rocks  may  have 
been  but  portion  of  a  great  underground  reservoir  of 
molten  matter,  which  may  have  found  vent  or  exit 
at  the  surface,  far  from  its  base  ;  or  the  area  of  these 
rocks  may  even  have  constituted  a  portion  of  a  great 
laccolitic  mass,  which  in  the  immediate  locality  never 
reached  the  surface  at  all. 

This  much,  however,  is  clear,  that  the  whole  of  the 
rocks  certainly  fall  under  the  head  of  the  eruptive 
division.  They  consist  of  various  varieties  of  granite, 
gabbro,  serpentine,  diorite,  epidiorite,  dolerite,  etc. 
These  are  for  the  most  part  massive,  but  some  are 
gneissic,  and  also  schistose,  in  their  structures ;  like 
the  granulitic  gneisses,  the  hornblende-schists,  and 
the  mica  schists. 

In  mineral  composition  they  differ  so  much  among 
themselves  as  to  fall  under  the  following  classifica- 
tion : 

2  0  2  , 
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Ultra- Basic — Serpentine. 

Basic — Gabbro,  Diorite,  Dolerite,  etc. 

Intermediate  —  Quartz -diorites  (?),  Felsitic-like- 
rock  (?). 

Acidic — Granite,  Granulitic,  rock,  etc. 

It  was  formerly  supposed  or  advocated  that  two 
great  and  separate  reservoirs  of  basic  and  acidic 
magma  existed  at  a  great  depth  beneath  the  surface, 
and  that  from  both  of  these  were  derived  all  the 
many  varieties  of  igneous  rocks.  This,  however,  was 
only  a  crude  speculation,  which  deservedly  never 
found  any  great  favour. 

The  idea  of  a  homogeneous  magma — doubtless 
differing  in  time  and  space  as  to  chemical  composition 
— from  which  many  varieties  of  rocks  may  be 
evolved  by  different  rates  of  cooling,  and  under 
different  pressures,  etc.,  is  much  more  philosophical, 
and  also  more  in  accordance  with  what  we  observe  in 
the  field. 

When  we  reflect  on  the  slow  cooling  of  a  stream 
of  lava  on  the  surface  of  our  earth,  we  are  forcibly 
struck  with  the  enormous  length  of  time  required  for 
the  cooling  of  the  immense  subterranean  reservoirs 
of  molten  matter  at  great  depths  from  the  surface. 

During  the  immense  time  necessary  for  cooling 
such  a  magma  is  slowly  differentiated.  Its  mineral 
constituents  are  gradually  segregated  and  separated 
out  from  each  other,  not  only  varying  in  composition 
from  the  centre  to  the  margins  in  dykes,  but  there  is 
good  reason  to  believe  that  it  also  becomes  separated 
out   into   well-defined   bands,  and   even   into  great 
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isolated  masses  of  crystalline  rocks  of  very  diflFerent 
mineral  aspect  and  composition. 

Under  such  circumstances  as  the  unequal  cooling 
of  diflFerent  portions  of  the  magma,  the  diflFerent 
specific  gravities  of  the  various  mineral  constituents, 
the  various  temperatures  at  which  they  solidify,  and 
the  unequal  degree  of  pressure  exerted,  the  results 
would  naturally  be  the  production  of  widely  diflFerent 
rocks,  together  with  much  structural  variety. 

Thus  we  are  led  to  infer  from  observation  in  the 
field  that  many  eruptive  bosses,  such  as  the  one  we 
are  now  dealing  with,  have  so  originated,  and  that 
even  the  numerous  dykes  which  penetrate  them,  as 
in  the  present  instance,  are  likewise  referable  to  the 
same  series  of  eruptions. 

Hitherto  the  Lizard  rocks  have  been  referred  to 
widely  separated  periods  of  geological  time,  simply 
on  the  grounds  of  their  supposed  mineral  distinctness, 
and  on  the  sequence  in  which  they  seem  intrusive 
into  each  other.  Careful  investigation  in  the  field, 
however,  reveals  the  fact  that  the  following  main 
types  of  rock — the  serpentine,  hornblende -schist, 
epidiorite,  dolerite,  gabbro,  granulitic  rock,  and 
granite — are  all  more  or  less  inter-related,  and  pass 
by  transition  into  each  other. 

The  serpentine  and  hornblende-schist,  although  in 
certain  areas  perfectly  distinct  and  widely  contrasted 
from  each  other,  are  yet  in  other  areas  so  closely 
united  by  transition  varieties,  that  it  is  utterly 
impossible  to  separate  them  either  as  to  composition, 
or  as   to  formation  in  point  of  time.      The  same 
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remarks  apply  to  some  of  the  granulitic  varieties  of 
the  hornblende,  between  which  two  latter  there  is 
the  same  perfect  transition,  also  of  both  into  the 
more  massive  diorite. 

Between  the  gabbro,  the  epidiorite,  and  the 
dolerite,  there  are  many  transitional  varieties  and 
connecting  linka  The  gabbro  in  the  neighbour- 
hood of  Coverack,  extending  northwards  by  way 
of  the  Manacle  Point,  shows  great  and  increasing 
alternating  masses  in  the  form  of  great  bands,  or 
contemporaneous  dykes,  segregated  or  separated  out 
fipom  each  other,  the  doleritic  portions  prevailing 
towards  Porthoustock.* 

Both  on  the  north  and  south  side  of  Coverack 
Cove,  dykes  of  gabbro  coalesce  with  those  of 
epidiorite,  and  some  of  the  former  dykes  have  their 
margins  composed  of  the  latter. 

In  several  distinct  areas,  as  at  Polgwidden,  there 
are  epidiorites  and  gabbros  distinctly  interbanded 
together;  and  at  other  localities  near  at  hand  there 
is  also  granulitic  rock  and  gabbro  interbanded  in  the 
same  manner.  There  are  also  schists  of  both  of  these 
combinations  found  in  more  than  one  locality. 

At  Kennack,  in  the  granulitic  bands  associated 
with  the  epidiorite  bands,  there  are  several  small 
isolated  masses  of  hornblende -like -gabbro,  which 
certainly  are  due  to  segregation.  There  is  also  on 
the  north  side  of  Polbarrow  Cove,  gabbro,  with 
segregated    portions    of   epidiorite,    one    of    which 


*  Geo.  Ma(j,  vol.  vi.  1889,  p.  425. 
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latter  contains  within  it  several  other  irregular 
masses  of  gabbro. 

Still  further,  some  of  the  dykes  which  penetrate 
the  serpentine  are  complexes  of  epidiorite  and 
granulitic  rock ;  and  even  some  dykes  and  veins  are 
in  one  part  of  their  course  known  to  consist  of  granite, 
or  granulitic  rock,  and  then  to  terminate  in  diorite. 

The  mica-schists  are  perhaps  the  most  perplexing 
of  all  the  Lizard  rocks,  as  to  what  seems  to  be  their 
secondary  origin. 

In  the  field  they  are  certainly  associated  with 
epidiorites,  which  certainly  become  micaceous,  and 
appear  ultimately  to  pass  over  into  the  mica-schists 
proper,  which  latter,  as  I  have  elsewhere  pointed  out, 
contain  nodular  masses  of  hornblende  and  porphyritic- 
schist.* 

These  broad  facts,  when  taken  in  connection 
with  many  minor  ones,  seem  to  place  it  almost 
beyond  doubt  that  the  origin  of  the  Lizard  rocks 
must  be  referred  to  a  deeply-seated  molten  magma, 
slowly  separating  itself  out  in  the  manner  already 
described.  It  also  seems  equally  clear  from  the  way 
in  which  the  various  rocks  are  related  and  inter- 
related, and  pass  by  transition  in  certain  cases  into 
each  other,  that  they  must  also  be  referred  to  one 
and  the  siime  period  of  geological  time. 

The  time  necessary  for  such  a  process  must  have 
been  one  of  very  prolonged  duration,  during  the  later 
portions  of  which  part  of  the  more  deeply-seated  and 

*  Geo.  Mag,  (1890),  vol.  vii.  p.  163  ;  i6i(i.(1892),  vol.  ix.  p.  366. 
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yet  uncooled  magma  was  ever  and  anon  forced  into 
the  numerous  fissures  produced  by  the  contractions  in 
the  more  consolidated  masses,  thus  fonning  the  later 
plexus  of  dykes,  which  are  especially  abundant  in 
the  serpentine. 

The  order  in  which  these  Lizard  rocks  cooled  and 
separated  out  from  each  other  is  an  interesting 
study.  Observation  in  the  field  seems  to  give  every 
support  to  the  view  that  the  highly  basic  portion 
of  the  magma,  which  now  forms  the  serpentine,  was 
the  first  in  point  of  time,  which  was  followed  by  the 
epidiorite,  gabbro,  and  granite. 

Wherever  we  find  the  granite,  or  even  that 
modification  of  it  known  as  the  granulitic  rock,  there 
is  always  evidence  that  even  the  latter  remained  in 
a  partially  molten  state,  subsequent  to  the  more 
rapid  cooling  of  the  dioritic  portion  of  the  magma, 
with  which  it  is  frequently  associated.  It  is  for  this 
reason  that  the  granulitic  rock,  especially  as  it 
approaches  more  and  more  the  form  of  a  true  granite, 
presents  more  and  more  intrusive-like  relations  with 
the  diorite,  as  is  seen  on  the  loreshore  of  Kennack 
and  elsewhere. 

The  Lizard  area,  as  we  now  view  it,  is  therefore 
one  great  plateau  of  plutonic  or  deeply-seated  eruptive 
rocks.  The  explosive  and  efi^usive  products,  if  such 
ever  existed  immediately  over  this  locality,  have  in 
the  past  geological  ages  been  by  denuding  agencies 
swept  clean  away,  exposing  only  the  basal  portions 
of  such  rocks  as  are  connected  with  them,  once  at 
great  depth  beneath  the  surface. 
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The  work  which  at  the  Lizard  still  remains  to  be 
done  by  the  geologist,  the  petrologist,  and  the 
chemist,  is  practically  illimitable,  and  that  among 
rocks  which,  both  for  their  interest  and  beauty, 
I  consider  not  only  to  be  unsurpassed,  but  to  be 
unequalled  in  any  tract  of  country  of  the  same 
extent  in  Britain. 

The  marvellous  beauty  and  variety  of  the 
serpentine  is  well  known  to  everyone,  but  let  me 
commend  to  the  non- scientific  observer  the  still 
greater  beauty  and  variety  of  the  gabbro,  some  of 
which,  like  many  other  rare  and  beautiful  objects. 
Nature  has  with  a  cunning  hand  hidden  carefully 
away  in  her  more  secret  places,  to  be  revealed  only 
to  those  who  are  diligent  in  their  search. 
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with  strong  HCl,  and  may  perhaps  be  the  rock  called 
**  Comeantite  "  by  Dr.  Boase.  Between  Bream  Bay 
and  Gatamala  Cove  fine  weathered  sections  of  the 
rocks  appear,  the  granular  beds  standing  out  as  ridges 
from  between  the  lighter  beds. 

In  Gatamala  Cove  is  a  mass  of  very  compact,  very 
hard  rock,  much  like  greenstone,  lying  between  other 
beds.  It  forms  a  hard,  outlying  rock  in  the  middle 
of  the  cove.  At  Sowan's  Hole  are  nodules  of  a  very 
fine-grained  substance  enclosed  in  a  rock  which, 
though  softer  than  these  nodules,  is  still  very  hard. 
The  same  structure  is  to  be  found  on  the  western 
shore  of  the  entrance  to  the  Gannel  River,  on  the 
north  coast  of  Cornwall. 

From  Sowan's  Hole  the  promontory  of  BosemuUion 
extends  out  seaward  towards  the  east.  Thence  it 
curves  round  towards  the  south-west.  About  200 
yards  from  Sowan's  Hole  the  first  contortion  occurs. 
The  beds  of  rock  curve  completely  round  in  a  semi- 
circle, forming  the  walls  of  a  little  cove.  At  this 
place,  and  a  few  hundred  yards  farther  on,  the  rocks 
appear  somewhat  broken,  presenting  a  series  of 
jointed  blocks  in  the  curves.  Perhaps  this  may 
indicate  movement  at  a  comparatively  little  depth. 
These  joints  appear  partly  filled  with  a  sort  of  breccia, 
and  the  whole  series  is  very  quartzose. 

From  this  point,  for  about  a  quarter  of  a  mile 
onwards,  until  the  coast-line  trends  around  towards 
the  westward,  these  abrupt  changes  of  direction  are 
continuous.  In  places  they  curve  around  in  sym- 
metrical lines ;  but  for  the  most  part  the  alterations 
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Should  the  long  axis  of  the  stone  be  north  and 
south  the  cutting  forms  an  arrow  shape,  and  it 
was  such  a  form  which  was  first  brought  under 
the  notice  of  the  Wellington  Philosophical  Society 
by  Mr.  L.  T.  Travers  in  1869.  This  caused  some 
surprise,  as  bows  and  arrows  were  unknown  to  the 
native  Maories.  Further  examination  proved  their 
real  nature. 

If,  however,  the  axis  be  east  or  west,  the  result 
is  more  of  a  pyramid  shape ;  and  should  the  stone 
consist  of  layers,  one  harder  than  the  other,  under- 
cutting takes  place.  All  the  lighter  parts  of  the 
sand  being  blown  away,  it  is  the  harder  parts 
which  are  thus  used  in  cutting  these  stones.  The 
amount  of  sand  thus  blown  backwards  and  forwards 
is  large  enough  to  form  a  sUght  haze  when  looking 
at  the  ground  from  horseback  or  even  walking. 
Putting  your  hand  down,  you  can  feel  the  sand 
particles  being  driven  by  you  with  considerable 
force. 

Some  time  since  specimens  of  pumice-stone  from 
the  mouth  of  the  Waikato  Kiver,  running  into  the 
sea  on  the  west  coast  of  the  North  Island,  were  shown 
at  a  meeting  of  the  Wellington  Philosophical  Society, 
cut  in  the  same  manner,  by  Mr.  L.  Stowe. 

The  author  claims  no  originality  in  this  paper,  but 
wishes  to  draw  attention  to  this  action  of  the  wind 
by  driving  sand  over  stones,  hoping  such  may  be 
looked  for  in  Cornwall  in  suitable  places. 
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normal  strike  towards  the  north-east,  and  the  dip 
continues  south,  no  apparent  fault  or  change  taking 
place. 

Whether  these  contortions  are  in  any  way  due  to 
the  intrusion  of  the  Mawnan  mica-traps,  or  whether 
some  volcanic  influences  have  been  at  work  (perhaps 
connected  with  the  igneous  nature  of  some  of  the 
Caermenow  and  Gillan  Creek  conglomerates),  it  is 
not  the  province  of  this  paper  to  discuss.  In  any 
case,  such  a  series  of  contortions,  in  close  proximity 
to  the  complicated  rocks  of  the  Meneage  district  and 
Coverack,  may  be  perhaps  worthy  of  notice. 

I  am  much  indebted  to  Mr.  S.  Tresidder  for  fine 
photographs  of  rock  sections  at  Kosemullion  Head, 
and  to  Mr.  H.  Fox,  f.g.s.,  for  many  suggestions  in 
this  paper. 

The  following  are  Professor  Teall's  remarks  on  two 
rock  sections  from  RosemuUion  Head  north,  both 
typical  specimens  of  the  rocks  : 

No.  1.  "Fine-grained  greywacke,  composed  of  quartz 
grains  and  some  fine-grained  indeterminable  rock  fragments. 
Carbonates,  pyrites,  and  small  scales  of  sericitic  mica  also 
present.     One  clastic  grain  of  tourmaline  observed." 

No.  2.  "  Coarse-grained  greywacke,  traversed  by  veins 
of  white  quartz. 

"Similar  to  the  above.  I  am  not  able  to  determine  the 
nature  of  the  rock  fragments  with  certainty,  so  I  say 
nothing  about  them." 

This  analysis,  it  will  be  seen,  coincides  with 
De  la  Beche's  classification  of  the  rocks  about 
Mawnan  as  greywacke. 
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the  lava  itself,  or  of  the  various  rocks  through  which 
the  vent  of  the  volcano  has  been  drilled. 

The  effusive  products  consist  of  various  kinds  of 
lava,  and  their  modifications,  which  as  molten  matter 
have  issued  from  the  crater,  and  flowed  as  streams 
down  the  sides  of  the  cone. 

Of  the  presence  of  the  two  latter  products,  the 
explosive  and  the  effusive,  there  is  no  evidence  what- 
ever in  the  Lizard  area.  There  are  neither  lavas 
nor  tuffs,  while  there  is  abundant  proof  that  all  the 
rocks  must  be  referred  to  the  eruptive  division. 

It  must  not  however  be  necessarily  inferred  that 
immediately  over  the  area  of  these  Lizard  rocks  there 
rose  a  great  volcanic  cone.  These  rocks  may  have 
been  but  portion  of  a  great  underground  reservoir  of 
molten  matter,  which  may  have  found  vent  or  exit 
at  the  surface,  far  from  its  base ;  or  the  area  of  these 
rocks  may  even  have  constituted  a  portion  of  a  great 
laccolitic  mass,  which  in  the  immediate  locality  never 
reached  the  surface  at  all. 

This  much,  however,  is  clear,  that  the  whole  of  the 
rocks  certainly  fall  under  the  head  of  the  eruptive 
division.  They  consist  of  various  varieties  of  granite, 
gabbro,  serpentine,  diorite,  epidiorite,  dolerite,  etc. 
These  are  for  the  most  part  massive,  but  some  are 
gneissic,  and  also  schistose,  in  their  structures ;  like 
the  granulitic  gneisses,  the  hornblende-schists,  and 
the  mica  schists. 

In  mineral  composition  they  differ  so  much  among 
themselves  as  to  fall  under  the  following  classifi' 
tion  : 

2  0  2 
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do  not  exist  in  Cornwall,  in  sitA^  their  place  being 
taken  by  mica-andesites,  as  at  Withnoe,  near 
Cawsand. 

Mr.  Jukes  Browne,  f.g.s.,  in  his  recent  book,  The 
Building  of  the  Bmtish  Isles ^  on  page  55,  mentions 
trachytic  rock  (which  Professor  Bonney  suggests  may 
be  called  andesite)  as  occurring  in  the  conglomerate 
near  the  Nare  Head,  Helford  River. 

These  andesites  seem  to  indicate  a  certain  amount 
of  contemporaneous  eruption,  either  as  lava-flows  or 
scoriae,  and  their  existence  in  Cornwall  or  Devon 
would  certainly  be  of  much  interest  in  connection 
with  our  granite  areas. 

Since  writing  the  above  other  fragments  have  been 
found,  some  of  which  Mr.  Worth  considers  to  be 
trachytes  containing  sanidine  crystals,  while  some 
again  resemble  certain  Cornish  elvans. 


ILLUSTRATIONS  OP  CORNISH  FOSSILS. 

By   J.    H.    Collins,   F.G.S. 

(B«ad  10th  NoTember,  1808.) 


1 .  Petraia  (Munster).  This  genus  was  established 
more  than  half  a  century  ago  to  include  a  series 
of  solitary  conical  or  cup-shaped  bodies,  which  were 
believed  to  be  rugose  corals,  without  dissepiments, 
tabulae,  or  columella ;  and,  as  it  now  appears, 
exhibiting  very  markedly  bilateral  symmetry.  The 
Cornish  fossils  formerly  known  by  this  name,  or  by 
Lonsdales  name  TurbinolopsiSy  were  somewhat 
doubtfully  included  in  the  genus  Cyathpphyllum 
by  M.  M.  Milne-Edwards  and  Jules  Haime  ;*  while 
Professors  Nicholson  and  Etheridge  much  more 
recently  observe :  "  Our  own  personal  investigations 
have  not  brought  under  our  notice  any  Palaeozoic 
Corals  in  which  we  could  assert  positively  that  these 
features  (i.e.  absence  of  dissepiments,  tabulae,  &c.) 
are  present.  .  .  .  The  Petraia  suh-duplicata  of  McCoy 
is  certainly  Lindstrcemia.  .  .  .  The  name  Petraia 
cannot  be  advantageously  retained  unless  it  be 
strictly  limited  to  forms  which  want  dissepiments, 
tabulae,  and  columella. "t 

♦  Brii.  Foss.  CoraU,  Pal.  Soc.  1853. 
t  Silurian  Fossils  of  Oirvan,  1878-80. 
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The  Cornish  fossils  hitherto  referred  to  the  genus 
Fetraia  have  been  for  the  most  part  in  the  state  of 
imperfect  casts,  with  little  or  nothing  of  their  cal- 
careous substance  remaining,  so  that  it  is  somewhat 
surprising  that  the  older  writers*  were  able  to  deter- 
mine their  true  character  with  so  little  of  inaccuracy. 
A  recently-discovered  specimen  from  the  Camel  Slate 
Quarry  has  furnished  the  means  of  still  more  accu- 
rately determining  the  structure  and  affinities  of 
these  fossils. 

The  specimen  was  found  at  a  depth  of  250  feet,  in 
roofing  slate ;  and  the  owner  (Mr.  Key)  handed  it  to 
the  Rev.  W.  lago  for  investigation,  by  whom  it  was 
passed  on  to  me  a  few  months  since.  I  saw  at  once 
that  it  was  rare,  if  not  unique,  and  soon  obtained 
permission  to  dissect  it :  the  results  of  my  observa- 
tions are  given  in  the  accompanying  sketches  (figs.  1 
to  5,  plate  A).  Fig.  la  represents  the  fossil  as  it 
reached  me,  drawn  to  its  natural  size,  and  fig.  l6  a 
magnified  view  of  its  sculpture ;  fig.  2a  is  the  internal 
cast  natural  size ;  26  is  the  lower  part  of  the  same 
usually  regarded  as  the  "apex,"  considerably  mag- 
nified ;  2c  is  a  sketch  of  the  central  part  of  this  apex, 
showing  the  two  distinct  sets,  of  radiating  ribs  or 
ridges  (x  and  y)  of  what  may  be  called  the  fore  and 
hind  parts  of  the  fossil,  and  2d  represents  a  portion 
of  the  sculpturing  of  the  cast  with  its  rows  of  tuber- 
cles still  more  highly  magnified ;  3a  and  36  are 
vertical  sections,  natural  size  in  the  directions  xx  and 

♦  Phillips,  Pal.  Fo88,  (1841),  Coucli,  Trans,  Boy,  QeoL  Soe.  Corn.  vL 
p.  276  (1846),  McCoy,  BrU.  Pal,  Foss.  (1851). 
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yy  respectively  of  fig.  4a,  showing  the  remarkable 
asymmetry  of  the  fossil  in  one  direction;  4a  is  a 
horizontal  section  near  the  bottom  of  the  calyx  (on 
line  XX  of  fig.  la),  and  46  is  part  of  a  similar 
section,  about  half  an  inch  higher  up  towards  the 
rim  of  the  calyx ;  fig.  5  is  a  conjectural  restoration 
of  the  coral  as  seen  from  the  top. 

The  leading  characters  on  which  Monster  founded 
his  genus,  viz.  absence  of  dissepiments,  tabulae,  and 
columella,  are  well  brought  out  in  these  figures,  as 
also  the  very  marked  bilateral  symmetry.  This  being 
so,  the  propriety  of  reverting  to  his  name  Petraia 
will  probably  be  generally  admitted. 

Other  characters  which  are  here  illustrated  may 
fairly  be  regarded  as  of  merely  specific  importance, 
such  as  the  proportionate  dimensions  of  the  cup 
itself,  the  number  of  the  "  ribs,"  and  the  character  of 
their  sculpturing.  The  fossil  here  described  has  22 
or  24  ribs  at  the  base,  within  and  without,  and  these 
are  increased  to  44  or  48  near  the  rim.  The  con- 
centric rows  of  slight  protuberances  on  the  outside 
(fig.  16),  and  the  tubercles  on  the  inside  (fig.  2rf), 
are  ako  characters  of  importance.  The  calyx  is  about 
f  ths  of  an  inch  in  height,  and  1^  inch  in  diameter ; 
there  is  no  indication  that  it  has  been  in  any  way 
compressed  or  distorted,  although  it  occurred  in 
highly  cleavable  slate.  The  remarkable  reflex  curve 
of  the  rim  (at  a:,  fig.  3a),  and  its  regular 
and  progressive  lessening  towards  y,  has  not  been 
before  noted ;  the  sections  seem  to  shew  that  this  is 
no  accidental  deformation  resulting  from  compression 
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or  fracture.  Taken  in  connection  with  the  extreme 
thinness  of  the  substance  of  the  cup,  and  the  slight 
lateral  connection  of  the  ribs,  it  may  perhaps  indicate 
a  flexibility  of  the  hard  parts  of  the  animal  during 
life,  suggesting  hydrozoan  rather  than  coralline 
affinities,  as  long  ago  suggested  by  Mr.  R.  Q.  Couch 
In  this  connection  I  may  also  remark  that,  as  stated 
long  since  by  Lonsdale  and  others,  the  calyx  was 
supported  on  a  long  stem.  Mr.  Giles,  a  very  careful 
observer,  says,  in  presenting  some  fossils  to  the 
Museum,  which  I  have  not  yet  succeeded  in 
identifying,  "No.  3,  another  Petraia  on  a  long 
stem,  striated  with  parallel  lines."  {Trans,  vii. 
pp.  169-174.)  The  particular  specimen  now  under 
consideration  affords  no  absolute  confirmation  of  this 
statement;  but  other  specimens  in  the  Museum 
decidedly  confirm  it.  On  the  whole  there  seems  to 
be  good  reason  to  regard  the  fossil  as  identical  with 
the  Petraia  Celtica  of  McCoy.* 

If  Petraia  be  really  a  coral,  it  is  still  somewhat 
doubtful  in  which  division  of  the  Rugosa  it  should  be 
placed.  It  differs  from  the  Cyathophylloidea  in  the 
entire  absence  of  columella,  tabular,  and  dissepimental 
tissue,  as  also  by  its  highly-developed  bilateralism. 
From  the  Zaphrentoidea  it  also  diff'ers  by  the  absence 
of  tabulae;  and  from  the  Cystiphylloidea  by  the 
absence  of  endothecal  tissue.     I  should  be  travelling 


♦  See  the  references  quoted  (under  Cyathophyllum  CeUicum)  at 
page  431  of  the  present  volume  of  our  Transadions,  The  peculiar 
"apex"  is  very  well  shewn  in  Philli])s'a  figure,  Pal.  Foss.  pi.  1,  tig.  16. 
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beyond  my  province  if  I  were  to  say  more  on  this 
liead  at  present. 

2.  Graptolites.  Certain  fossils  found  in  slates 
near  the  Blackhead,  on  the  coast  to  the  south  of 
St.  Austell,  by  Mr.  C.  W.  Peach,  and  presented  to 
the  Museum  by  him  so  long  ago  as  the  year  1850, 
have  been  variously  referred  to  the  graptolites 
{G.  Murchisoni),  and  the  corals  (Cladochontis)^  as 
mentioned  in  my  "Working  List."*  I  am  indebted 
to  my  son,  Arthur  L.  Collins,  f.g.s.,  for  the  accom- 
panying careful  sketches  of  one  of  the  specimens 
thus  presented.  (Plate  A,  figs.  6a,  66.)  The  general 
appearance  is  well  seen  in  fig.  6a ;  fig.  66  is  a  longi- 
tudinal section,  and  fig.  6c  a  transverse  section,  all 
enlarged  about  three  and  a  half  times.  In  all  these 
there  is  an  entire  absence  of  internal  structure  such 
as  might  indicate  coral  affinities,  and  there*  are  no 
surface  markings  discernible  which  might  serve  to 
indicate  its  true  affinities,  supposing,  as  seems  not 
altogether  unlikely,  that  it  belongs  to  the  polyzoa. 
Probably  the  organisms  were  injured  by  attrition 
before  they  became  embedded  in  the  soft  silt,  which 
has  since  become  converted  into  moderately  good 
roofing-slate.  The  fossils  are  not  calcareous,  nor  are 
they  siliceous  or  pyritous  pseudomorphs,  like  so  many 
of  the  Cornish  fossils;  nor  have  they  anything  of 
the  carbonaceous  appearance  which  is  so  frequently 
characteristic   of   the   graptolites.      Their   substance 


♦  This  volume,  pp.  430  and  434. 
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seems  to  be  essentially  that  of  the  slate  itself,  but 
with  a  slightly  modified  arrangement  of  the  original 
colouring  matter,  indicating  perhaps  the  former 
deoxidizing  action  of  a  minute  proportion  of  organic 
substance. 

On  the  whole  these  fossils  appear  to  resemble 
certain  large  forms  of  graptolites  more  closely  than 
any  other  fossils  that  I  have  yet  seen  described ;  and 
in  particular  the  resemblance  to  the  Diplograpsus 
tamariscus  of  Nicholson  from  the  Coniston  Mud- 
stones  is  remarkably  close,  though  the  forms  are  not 
identical,  as  will  be  seen  from  a  comparison  with  fig. 
7,  Plate  A,  which  is  sketched  from  Nicholson's  figure.* 
To  CladochonuSy  as  now  defined  an  exclusively 
Carboniferous  genus,  I  am  not  able  to  trace  the  least 
resemblance,  nor  is  there  the  least  indication  of  the 
"stoma"  so  characteristic  of  Aulopora. 

♦  British  Graptolites,  p.  20,  fig.  4c. 
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CORNISH    FOSSILS. 

Description  of  Plate  A. 

Fig.  lo.  Petraia  Cdtica,  exterior,  nat  size. 

lb.  Sculpture  of  the  same,  x  4/1. 

2cL  Internal  cast  of  ditto,  nat.  size. 

2b,  "Apex "of  same,  x  4/1. 

2c.  Central  part  of  "apex,"  x  2/1. 

2d.  Sculpture  of  internal  cast,  x  6/1. 

3a.  Vertical  section  of  calyx  on  line  x.  x.,  ^g.  4a.,  nat.  size. 

^^*  »  M  »>    y»  y«     »>  ft 

4a.     Horizontal  section  on  line  x.  x.,  fig.  la,  x  2/1. 

46.  „         (part  of)  taken  about  half  an  inch  higher 

up,  and  nearer  the  lip. 

5.       Conjectural  restoration  of  the  fossil,  nai  size,  top  view. 


6a.  Graptolite  (CZocfoc^ont^l),  from  Blackhead,  x  3^/1. 
66.  „         longitudinal  section  „ 

6c.  „         transverse  section  „ 

7.  Diplo(jrap8U8  taniariscus  (Nicholson). 


ON  GREENSTONES  ASSOCIATED  WITH 
RADIOLARIAN  CHERTS. 

By  J.  J.  H.  TKAL^  M.A.,  F.RS.,  SkcG.S. 

(Re*d  Not.  10th,  1898.) 


SmcE  the  publication  of  the  joint  paper,  by  the 
President  and  myself,  on  a  Radiolarian  Chert  from 
Mullion  Island,"^  it  has  come  to  my  knowledge  that 
greenstones  of  the  type  we  there  described,  are  asso- 
ciated with  radiolarian  cherts  in  other  and  widely- 
separated  localities. 

In  1880  Dr.  A.  Rothpletz,  who  was  the  first  to 
recognise  radiolaria  in  the  Lower  Pala&ozoic  rocks, 
published  a  paper  in  the  Zeitschrifi  fiir  deutschen 
geologischen  Gesells/mft,  entitled  "  Radiolarien,  Dia- 
tomacean,  und  Sphaerosomatiten  im  silurischen 
Kieselschiefer  von  Langenstreigis  in  Saclisen,"  and 
subsequently,  in  the  Erlduterungen  zur  geologischen 
Specialkarte  des  Konigreichs  Sachsen,  Section  Fran- 
kenberg-Hainichen  {Blatt  78),  he  described  the 
stratigraphical  position  of  the  cherts  in  which  the 
fossils  occur,  and  the  petrographical  characters  of 
the  associated  rocks.  The  following  sub-divisions 
of  the  Silurian  (including  Ordovician)  formation — as 


♦  Quart,  Jour.  Geol.  Soc.  vol.  xlix.  (1893)  p.  211. 
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this  is  developed  in  the  neighbourhood  of  Franken- 
berg — are  recognised  in  the  latter  communication. 


Upper 
Silurian. 


Lower 
Silurian. 


5  Diabase  and  diabase  tuff. 

4  Greywacke. 

3  Chert  (Kieselschiefer)  and  clay-slate  con- 
taining graptolites. 

2  Diabase  and  diabase  tuff 

1  Chert  (Kieselschiefer)  and  clay-slate  with 
some  greywacke. 


The  lowest  member  of  this  series  has  not  as  yet 
yielded  any  definitely  recognisable  fossils.  It  consists 
of  thin  layers  of  chert,  alternating  with  shales.  The 
chert,  as  a  rule,  is  black,  in  consequence  of  the 
presence  of  a  large  amount  of  carbonaceous  matter ; 
and  this  black  chert  or  lydite  (lydian-stone)  is 
traversed  by  an  enormous  number  of  white  quartz 
veins.  It  therefore  resembles  the  common  varieties 
of  the  Cornish  rock  in  the  most  striking  manner. 

The  second  member  of  the  series  contains  three 
layers  of  diabase,  with  intervening  bands  of  tuflf  and 
clay-slate.  The  Jowest  sheet  of  diabase  is  a  compact 
dark  green  rock,  which  is  sometimes  amygdaloidal 
and  porphyritic.  It  often  shows  a  marked  spherical 
or  ellipsoidal  structure,  which  appears  to  be  identical 
wdth  that  of  the  greenstone  of  MuUion  Island.  The 
following  translation  of  a  passage  from  the  description 
by  Dr.  Rothpletz  will  illustrate  this  point :  "  Near 
Bockendorf,  on  the  Leithberg,  an  ellipsoidal  mode  of 
separation  asserts  itself,  in  consequence  of  which  the 
finely  vesicular  compact  diabase  becomes  divided  up 
into   roundish,   but   always   elongated   or  flattened, 
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lenticular  masses,  the  longer  diameters  of  which 
reach  1  meter,  and  the  shorter  0*3  meter."*  This 
description  will  apply  word  for  word  to  the  greenstone 
of  Mullion  Island. 

The  middle  diabase  is  coarser  in  grain,  contains  a 
magnesia-mica  as  one  of  its  constituents,  and  does 
not  apparently  show  the  above  structure.  This, 
however,  is  repeated  again  in  the  upper  compact 
diabase.  In  a  quarry  at  Seifersdorf  the  masses  are 
spherical  in  form.  They  are  piled,  as  it  were,  one 
over  the  other,  the  intervening  spaces  being  filled 
with  a  soft  dark  green  mass  essentially  composed  of 
chlorite  and  calcite.  The  rock  of  which  the  spheres 
are  composed  is  much  altered,  but  narrow,  latli- 
shaped  felspars,  grouped  in  sheaves  and  bundles, 
may  still  be  recognised  under  the  microscope.  The 
mineralogical  composition,  microscopical  structures, 
and  mode  of  alteration  of  these  compact  diabases 
of  Saxony  appear  to  be  identical  with  the  corre- 
sponding characters  of  the  greenstones  of  Mullion 
Island. 

The  diabases  above  referred  to  are  overlain  by 
another  group  of  cherts  and  shales  closely  resembling 
those  of  the  basal  series  in  general  appearance,  but 
differing  from  them  inasmuch  as  they  contain  fossils. 
It    is    in    the    cherts    from    this    horizon   that  Dr. 


*  "Bei  Bockendorf  am  Leithberge  macht  sich  eine  eHipcioidische 
AbHonderung  geltend,  indeni  der  feinblasige  dichte  Diabas  in  run- 
dliche,  aber  stets  stark  gestreckte,  oder  abgeplattete  linsenformige 
Partieen  abgesondert  ist,  deren  langerer  Diirchmeaser  1  meter  deren 
kiirzerer  0*3  meter  erreicht." 
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Rotbpletz  recognised  radiolaria,  diatoms,  and  some 
peculiar  doubtful  bodies,  to  which  he  applied  the 
term  "  sphaerosomatiten,"  and  it  is  in  the  rocks 
associated  with  these  cherts  that  a  rich,  well-preserved 
and  thoroughly  characteristic  graptolite-fauna  of 
Silurian  (Upper  Silurian)  age  has  been  found. 

We  have  as  yet  discovered  no  zonal  fossils  associ- 
ated with  the  Cornish  radiolarian  chert ;  but  as  Mr. 
Fox  has  traced  this  rock  into  the  Gorran  and  Veryan 
district,  and  ascertained  that  the  series  to  which  it 
belongs  apparently  underlies  the  quartzite  of  Caradoc 
age,  there  is  some  ground  for  believing  it  to  belong 
to  the  Ordovician  (Lower  Silurian)  period.  If  this 
inference  be  correct,  then  the  Cornish  chert  must  be 
considerably  older  than  the  upper  cherts  of  Dr. 
Kothpletz,  though  they  may  possibly  be  of  the  same 
age  as  the  lower  cherts  which  he  refers  to  the  Lower 
Silurian  period. 

The  point,  however,  to  which  I  wish  to  direct 
attention  is  not  the  age  of  the  chert,  but  the  curious 
fact  that  greenstones  of  a  peculiar  type  are  associated 
with  cherts  in  the  two  widely-separated  localities. 

But  there  is  yet  a  third  locality  where  radiolarian 
cherts  are  in  close  relation  with  basic  igneous  rocks, 
namely,  the  Southern  Uplands  of  Scotland.  Now  I 
am  informed  by  Sir  A.  Geikie  that  in  this  case  also 
the  greenstones  show  the  same  curious  elliptical  and 
spheroidal  structures,  and  contain  similar  spherical 
amygdaloids.  It  seems,  therefore,  almost  impossible 
to  avoid  the  conclusion  that  the  peculiar  structures 
in  question  are  in   some   way  connected  with  the 
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physical  conditions  under  which  the  cherts  accumu- 
lated.  Are  they  characteristic  of  submarine  and 
possibly  deep  sea  lavas  ? 

Since  the  above  was  written  I  have  received  a 
paper  by  F.  Leslie  Bansome,  Fellow  in  the  University 
of  California,  on  "The  Eruptive  Rocks  of  Point 
Bonita,  Marin  County,  California."*  In  this  paper 
the  author  describes  the  so-called  spheroidal  basalt, 
which  is  associated  with  strata  supposed  to  be  of 
Cretaceous  age.  He  points  out  that  the  term 
spheroidal,  which  he  uses  in  deference  to  previous 
writers,  is  scarcely  appropriate.  "  The  curved  figures 
shown  in  the  illustration  are  the  transverse  sections 
of  elongated,  bolster-like,  or  bale-like,  masses,  whose 
longer  axes  are  in  general  roughly  parallel.  .  .  . 
They  are  of  various  sizes  up  to  three  feet  in  diameter. 
.  .  .  There  are  no  empty  spaces  between  these 
spheroids,  but  they  naturally  conform  to  each  other's 
shape,  as  if  each  had  been  moulded  for  the  space 
it  fills."  The  above  quotations  are  taken  from  different 
portions  of  the  paper.  They  bring  into  prominence 
the  close  resemblance  between  the  "spheroidal" 
basalt  of  Point  Bonita  and  the  similar  rock  of 
Mullion  Island.  The  resemblance  is  not,  however, 
limited  to  the  longer  structures,  but  extends  also 
to  microscopic  structure,  composition,  mode  of 
alteration,  and  to  the  presence  of  amygdaloids. 
Pyroclastic    rocks    and    an    intrusive    diabase    are 

*  BuUdin  of  the  Department  of  Geology ^  vol  i.  pp.  71-114,  Plates  6,  7. 
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CORNISH    FOSSILS. 

Description  of  Plate  A. 

Fig.  la.  Petraia  Celtiea,  exterior,  nat  size. 

16.  Sculpture  of  the  same,  x  4/1. 

2a.  Internal  cast  of  ditto,  nat  size. 

2b.  "  Apex  "  of  same,  x  4/1. 

2c.  Central  part  of  "apex,"  x  2/1. 

2d,  Sculpture  of  internal  cast,  x  6/1. 

3a.  Vertical  section  of  calyx  on  line  x.  x.,  ^g.  4a.,  nat.  size. 

*'^»  »  «  i>    y«  y*     i>  »> 

4a.     Horizontal  section  on  line  x.  x.,  fig.  la,   x   2/1. 

46.  „         (part  of)  taken  about  half  an  inch  higher 

up,  and  nearer  the  lip. 

5.       Conjectural  restoration  of  the  fossil,  nai  size,  top  view. 


6a.     Graptolite  (C?a(foc^onti«?),  from  Blackhead,  x  3|/1. 
66.  „         longitudinal  section  „ 

6c.  „         transverse  section  „ 

Diplofjrapgus  tamaruscus  (Nicholson). 
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this  is  developed  in  the  neighbourhood  of  Franken- 
berg — are  recognised  in  the  latter  communication. 

(5  Diabase  and  diabase  tuff. 
4  Greywacke. 
3  Chert  (Kieselschiefer)  and  clay-slate  con- 
taining graptolites. 
r  (  2  Diabase  and  diabase  tuff 

.  J  1  Chert  (Kieselschiefer)  and  clay-slate  with 

I  some  greywacke. 

The  lowest  member  of  this  series  has  not  as  yet 
yielded  any  definitely  recognisable  fossils.  It  consists 
of  thin  layers  of  chert,  alternating  with  shales.  The 
chert,  as  a  rule,  .is  black,  in  consequence  of  the 
presence  of  a  large  amount  of  carbonaceous  matter ; 
and  this  black  chert  or  lydite  (lydian-stone)  is 
traversed  by  an  enormous  number  of  white  quartz 
veins.  It  therefore  resembles  the  common  varieties 
of  the  Cornish  rock  in  the  most  striking  manner. 

The  second  member  of  the  series  contains  three 
layers  of  diabase,  with  intervening  bands  of  tufi*  and 
clay-slate.  The  lowest  sheet  of  diabase  is  a  compact 
dark  green  rock,  which  is  sometimes  amygdaloidal 
and  porphyritic.  It  often  shows  a  marked  spherical 
or  ellipsoidal  structure,  which  appears  to  be  identical 
with  that  of  the  greenstone  of  Mullion  Island.  The 
following  translation  of  a  passage  from  the  description 
by  Dr.  Rothpletz  will  illustrate  this  point :  "  Near 
Bockendorf,  on  the  Leithberg,  an  ellipsoidal  mode  of 
separation  asserts  itself,  in  consequence  of  which  the 
finely  vesicular  compact  diabase  becomes  divided  up 
into   roundish,   but   always   elongated   or  flattened, 
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Absociatbb. 


3,  T.  Blight,  F.8.A.,  Penzance. 

J.  H.  CollinB,  F.G.s.,  14  and  15, 
Broad  Street  Avenue,  London, 
KC,  and  60,  Heber  Road,  East 
Dolwich,  London,  S.K 

John  Sweet  Doidg^  Penzance. 

William  Eddy,  Boecaswell,  St 
Just. 

William  Qregor,  Swansea. 

William  Hollow  (formerly  mana- 
ger of  the  Providence  Mines), 
Leyton,  Essex. 


R.  T.  Hall  (formerly  of  Ctpe 
Copper  Mines),  Africa. 

Benedict  Kitto,  F.a.8.,  26,  lioi' 
caster  Road,  FinBbury  Puk, 
London,  N. 

S.  Mitchell,  Swansea. 

Francis  Oats,  f.q.s.,  St  Just 

John  Phillips,  Australia. 

T.  B.  Provis,  A.inst.c.E.,  Finsbuiy 
Chambers,  76,  Finsbury  Pave- 
ment, London,  £.C. 

John  Rowe,  The  Terrace,  St  Just 

Stephen  Thomas. 


Names  of  AssocicUes  whose  Addresses  are  unknown^ 
Hall,  RT.        I        Phillips,  John.        |       Thomas^  Stephen. 


The  Secretary  requests  the  favour  of  his  being  informed  of  anp  inaeeuraeies 

in  the  foregoing  lists. 


THE 

ANNIVERSARY  ADDRESS  OP  THE  PRESIDENT, 

HOWARD  FOX,  ESQ.,  F.G.S. 
To  the  General  Meeting,  tiui  November,  1894' 


Ladies  and  Gentlemen, — It  has  been  the  custom  of  your 
Presidents,  in  accordance  with  the  practice  of  the  Parent  Society, 
to  preface  their  Addresses  by  brief  references  to  those  of  its 
members  whose  loss  this  Society  has  had  to  deplore  during  the 
period  of  their  office. 

In  the  two  years  of  my  Presidency,  some  of  our  oldest  and  most 
distinguished  members  have  passed  from  our  midst. 

Hugh  Seymour  Tremenheere,  M.A.,  who  died  in  1893,  at  the  age 
of  88,  was  for  55  years  a  member  of  your  Society.  He  was  your 
President  during  the  four  years  1868  to  1871.  His  annual 
addresses  during  that  period  show  the  keen  interest  he  took  in 
the  welfare  of  this  Society,  and  are  full  of  suggestions  as  to  the 
best  means  of  making  it — to  use  his  own  words,  **  An  instrument 
for  promoting  the  study  of  Geology  and  certain  other  branches  of 
scientific  instruction,  for  which  our  spacious  building  and  our 
collections  afford  facilities  that  might  be  of  great  benefit  to  the 
country  at  large."*  He  was  successively  a  Barrister,  School 
Inspector,  and  Assistant  Poor  Law  Commissioner.  He  devoted 
his  talents  and  his  pen  to  the  cause  of  education. 

Henry  Nicholas  Harvey,  o.e.,  was  chief  of  the  Engineering 
Department  of  the  world-famed  firm  of  Harvey  &  Co.,  Hayle. 
He  died  in  the  prime  of  life  and  of  his  intellectual  vigour.  He 
did  not  allow  the  advance  of  an  insidious  lung  afifection,  con- 

*  Address,  1871,  p.  20. 
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tracted,  as  he  thought,  in  his  daily  use  of  the  undeigioimd 
railway  whilst  representing  his  firm  in  London,  to  inteifere 
with  his  duties.  Within  a  few  weeks  of  his  death  he  gave  a 
lecture  of  great  value  on  ''Cornish  Boilers.''  His  nnbounded 
energy,  his  clear  grip  of  his  professional  work,  united  with  good- 
ness of  heart  and  wonderful  cheerfulness,  endeared  him  to  aL 
Personal  friendship  and  esteem  hrooght  home  to  many  of  us  the 
full  sense  of  the  great  loss  we  sustained  hy  his  death,  whilst  the 
hrave  way  in  which  he  to  the  last  devoted  his  talents  to  promole 
the  material  and  intellectual  wel&re  of  all  around  him,  left  an 
example  of  heroism  not  often  seen. 

In  Mr.  Martin  Magor,  who  died  last  Decemher,  this  Society  lost 
a  valued  memher  of  its  Council — a  Cornishman  who  for  50  yean 
carried  on  his  professional  practice  in  Penzance.  His  attention 
was  turned  rather  to  the  Ornithological  than  to  the  Geological 
branch  of  Natural  History. 

William  Pengelly,  f.r.8.,  was  bom  at  Looe  in  1812,  and  was 
connected  with  this  Society  as  corresponding  or  honorary  member 
since  1856.  His  career  is  a  striking  example  of  the  brilliant 
success  which  may  attend  the  study  of  Qeology,  in  the  intervals 
of  a  busy  professional  life. 

The  seventh  volume  of  your  Transactions  contains  nine  of  lus 
papers. 

Three  "On  the  Icthyolites  and  Geology  of  South-East  ComwaU," 
commencing  at  Talland  Sands  Bay  (the  point  at  which  Mr.  Peach's 
labours  eastward  terminated),  and  comprising  the  coast  of  Cornwall, 
thence  to  the  Tamar.  The  fourth  paper  recorded  the  results  of 
his  search  still  further  east,  viz.,  from  Mount  Batten,  near  Plymouth, 
to  the  Bolt  Tail 

The  other  papers  were  as  follows  : 

*'  On  the  Beekites  Found  in  the  Eed  Conglomerates  of  Torbay." 
pp.  309-315. 

''The  Geographical  and  Chronological  Distribution  of  the 
Devonian  Fossils  of  Devon  and  Cornwall"    pp.  388-418. 

''  On  the  Geological  Age  of  the  Dartmoor  Granites."  pp.  419- 
432. 

''On  the  Co-relation  of  the  Slates  and  Limestones  of  Devon 
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and  Goniwall  with  the  Old  Bed  Sandstones  of  Scotland."  pp.  441- 
445. 

''On  the  Supposed  Uniform  Height  of  Contemporary-EaiBed 
Beaches."    pp.  446-448. 

His  attention  in  later  years  was  naturally  turned  to  the  Greology 
of  his  adopted,  rather  than  to  tiiat  of  his  native  county;  but 
further  papers  on  Cornwall  appeared  in  other  publications,  yix.,  on 

"  The  Geology  and  Archaeology  of  Cornwall  and  Devon."  J.  IL 
Inst,  of  CamwcUly  1871,  pp.  260-268. 

**The  Insulation  of  St.  Michael's  Mount."  Id.  1872,  pp.  1-26. 

''  The  Distribution  of  the  Devonian  BrachiopodsB  of  Devon  and 
Cornwall."    Tram.  Devon  Assoc.  1867,  pp.  170-186. 

'*  The  History  of  Fossil  Fish  in  the  Devonian  Rocks  of  Devon 
and  CornwaU."    Id.  1868,  pp.  423-442. 

Accuracy  of  observation  and  clearness  of  style  gave  his  papers 
great  value.  He  was  a  fluent  and  lively  lecturer,  and  possessed  to 
an  uncommon  extent  the  invaluable  power  of  engaging  the  atten- 
tion of  a  mixed  audience  on  a  somewhat  technical  science.  His 
later  life  was  spent  at  Torquay,  where  he  founded  the  Natural 
History  Society  in  1844.  He  established  the  Devonshire  Associa- 
tion in  1863,  and  contributed  numerous  addresses  and  papers  to 
their  Transactions^  mostly  on  the  Gkology  of  Devonshire. 

In  1858  the  Royal  and  Geological  Societies  determined  to 
explore  a  new  cave  at  Brixham,  and  entrusted  the  superintendence 
of  the  work  to  Mr.  Pengelly.  In  1865  he  undertook  the  superin- 
tendence of  the  exploration  of  Kent's  Hole,  near  Brixham, 
arranged  by  a  Committee  of  the  British  Association,  and  for 
sixteen  years  he  recorded  daily  the  details  of  all  the  discoveries  in 
this  noted  spot.  He  has  been  described  by  Prof.  Boyd  Dawkins  * 
as  "  One  of  the  last  survivors  of  the  heroes  who  laid  the  founda- 
tion of  Geological  Science,"  who  "died  full  of  years,  and  with 
his  services  honourably  recognized  by  his  private  friends  and  by 
the  scientific  world.  He  has  left  behind  an  example  of  what 
one  man  can  do  in  advancing  knowledge  by  energy  and  per- 
severance." 

•  Nature,  April  6,  1894. 
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By  the  death  of  Sir  Bichaid  Owen  last  year  we  lost  a  aecood 
honorary  member  whoee  fame  is  world-wide. 

The  twelve  months  since  we  met  in  this  room  have  not  pawd 
without  some  progress  haying  been  secured  in  our  knowledge  of 
the  Geology  of  our  county. 

When  I  had  the  honour  of  addressing  you  last  Noyembec^  time 
suggestions  were  made  as  to  the  manner  in  which  members  of  this 
Society  might  materially  promote  its  objects. 

Firstly.  By  tracing  the  beds  of  Mullion  Island  l^ioltTJMi 
Cherts  throughout  the  county. 

Secondly.  By  discovering  typical  zonal  fossils  in  the  slates  and 
shales  associated  with  these  cherts,  so  as  to  determine  their  i«eciM 
age  and  position  in  the  Geological  sequence  of  Cornish  rocks^  snd 
thereby  form  a  "  datum  line  "  from  which  to  proceed  to  unfold  the 
complexities  of  our  sedimentary  rocks,  and  ascertain  their  trae 
succession  and  thickness. 

Thirdly.  By  discovering  typical  zonal  fossils  in  other  Cornish 
rocks  wherever  they  occur. 

We  will  now  consider  what  progress  has  been  made  in  these 
three  directions. 

1.  My  friend  Mr.  F.  J.  Stephens  has  been  indefatigable  in  his 
search  for  exposures  of  the  Mullion  Island  Radiolarian  Cherts 
during  the  past  year.  His  exertions  have  been  attended  with 
some  success.  Ho  has  discovered  fragments,  apparently  of  these 
cherts,  in  the  conglomerate  inside  the  Nare  Point,  Meneage.  He 
discovered  a  large  block  on  Clahar  Cairn,  1200  yards  N.R  of 
the  village  of  Mullion;  whilst  in  Chypons  Valley,  500  yards 
further  north,  exactly  where  the  Geological  Map  shows  the  slate 
to  join  the  schist  series,  and  exactly  where  we  might  expect  to 
find  the  extension  of  the  Mullion  Island  beds,  he  found  numerous 
blocks  of  chert  lying  about  the  hedges.  The  exposures  from 
which  they  were  quarried  appear  to  be  at  present  overgrown  or 
covered  up,  and  they  have  not  as  yet  been  found  in  situ.  These 
cherts  show  under  the  microscope  circular  spaces  which  suggest 
the  casts  of  Radiolaria.  The  absence  of  structure  is  no  proof  that 
they  aro  not  of  Eadiolarian  origin.  With  these  exceptions,  as  far 
as  I  am  awaro,  no  further  exposures  of  what  we  may  call  the 
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Mullion  Island  Eadiolarian  Cherts  have  heen  discoveied  since  those 
described  last  year.^ 

Under  the  guidance  of  my  friend,  Mr.  W.  A.  K  Ussher,  I  visited 
some  of  the  Carboniferous  Cherts  of  East  Cornwall,  and  Dr.  Hinde 
has  determined  that  some  of  the  sections  cut^from  these  rocks,  in 
Carzantic  Quarry,  two  miles  KS.E.  of  Launceston,  are  filled  with 
Kadiolarian  casts,  and  in  one  instance  traces  of  structure  are  seen. 

Cherts  have  been  found  at  Roundhole  Point,  Cataclews  Point, 
and  at  Dinas  Head,  and  are  the  subject  of  a  paper  to  be  read  here 
this  afternoon ;  but  the  microscope  reveals  no  definite  Radiolarian 
structure  in  any  of  the  slices  which  have  hitherto  been  cut  from 
them. 

In  connection  with  the  Mullion  Island  Cherts  you  may  be  in- 
terested to  hear  an  extract  of  a  letter  I  received  last  year  from  Dr. 
Charles  Banois,  the  distinguished  French  G^Iogist. 

''I  was  glad,"  he  writes,  "to  receive  your  specimens  of  the 
Eadiolarian  Chert  from  Mullion  Island  and  of  the  mainland.  ...  I 
have  seen  them  with  the  greatest  interest,  as  they  are  very  much 
like  the  pre-Cambrian  cherts  of  Brittany,  where  I  have  also  found 
badly-preserved  Eadiolarians.  I  will  give  much  care  this  siunmer 
to  the  question,  and  try  to  find  specimens  like  yours." 

These  so-called  Brittany  Radiolaria  are  seventeen  times  smaller 
than  the  Mullion  Island  Eadiolaria,  which  latter  agree  with  modem 
forms. 

2.  The  second  suggestion  has  not  yet  been  successfaUy  carried 
out,  though  some  progress  has  been  made.  Distinct  crinoidal 
remains  have  been  found  in  dark  friable  shales,  interbedded  with 
the  limestones  and  Eadiolarian  Cherts,  which  are  associated  with  the 
Ordovician  quartzites  of  Veryan.  These  were  first  observed  by 
Prof.  Bonney,  Eev.  K  Hill,  and  myself  last  July,  and  specimens 
of  these  rocks  lie  on  this  table  for  your  Museum.  We  may 
reasonably  hope  that  further  research  will  reveal  typical  fossils,  in 
such  a  state  of  preservation  as  to  settle  absolutely  the  age  of  these 
cherts.t 

*  Brii.  Assoc.  Beport,  Nottingham,  1893. 

t  In  my  last  year's  address  I  stated  (p.  9)  that  Mr.  Peach  found  no  fossils 
in  slate  west  of  the  Van.    This  was  a  mistake.    At  page  57  of  your  sixth 
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3.  Difltmct  advance  has  been  made  in  the  thiid 

The  Directoi^Geneial  of  the  Geological  Sonrey  lepoitod 
year  to  the  House  of  Commons  that ''  the  field  work  in  Deron- 
ahire  has  been  pushed  across  the  Plymouth  district  into  Cornwall 
by  Mr.  Ussber.  .  .  .  The  presence  of  Upper  Devonian  roeks  hai 
been  proved  by  the  discovery  of  the  characteristic  entomidea  netr 
Torpoint^  on  the  west  or  Cornish  side  of  Plymouth  Soondy  in  a 
series  of  slates,  which,  developed  on  the  north  of  the  Plymouth 
limestone,  correspond  in  lithological  character  to  the  entomis  slatM 
of  Torquay  and  Newton  Abbot." 

Since  this  report  was  made,  Mr.  Ussher  informs  me  that  8i 
Germans  Park  is  on  Styliola  slates  *  (Upper  Devoman),  and  he 
believes  this  same  system  ranges  westward  some  miles  past  Tide- 
ford.  He  has  moreover  found  the  characteristic  entoms  near  St. 
Germans  on  the  east  in  several  places,  and  has  further  conroboraied 
the  value  of  these  finds  as  a  correlative  of  the  Cypridinen  Schiefer 
of  Germany,  by  the  recent  discovery  in  the  same  district  of  the 
Biidesheim  fauna,  viz.,  Bactrites,  small  GronUtites,  and  casts  of 
Cardida  retrostriata  in  grey  slates,  locally  presenting  the  nodule 
— beariDg  characteristics  of  the  Enollen  Kalk  of  Germany. 

He  finds  in  the  country  between  Mount  Edgcumbe  and  Down- 
derry  Lower  Devonian  types,  with  which  he  is  familiar  in  South 
Devon.  The  Looe  fossils  require,  in  his  opinion,  ft  complete  re- 
examination. 

The  rauge  of  the  Upper  Devonian  beds  has  been  further 
extended  by  the  discovery  of  characteristic  fossils  in  the  Coast 
Sections  west  of  Padstow,  as  described  at  the  Joint  Meeting  of 
the  Cornish  Scientific  Societies,  held  in  this  room  last  June,  in  a 
paper  which  will  appear  in  your  Transactions  for  this  year. 

My  friend  Mr.  R  Y.  Tellam,  of  Bodmin,  sent  to  the  British 


vol.  of  Transactions  he  says,  *'In  no  case  have  I  found  organic  remains  in 
the  slate  of  this  (Gorran)  parish  nearer  than  the  Van  in  St.  Aostle  Bay." 
On  page  181  of  the  same  volume,  and  on  page  16  of  vol.  vii.,  he  describes 
fossils  he  found  in  the  neighbourhood  of  Truro. 

*  "  Styliola  slates  is  my  own  term  for  slates  occasionally  containing  Styliola, 
which  in  Devon  has  been  identified  by  Mr.  Rupert  Jones  from  spedmens 
collected  by  me  north-east  of  Plymouth."  W.  U. 
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Moseam  some  specimens  from  a  railway  cnttisg  in  Tiewoiden 
Wood,  near  Wadebridge,  some  of  which  appeared  to  him  to  be 
fossil  fishes,  and  others  portions  of  trees.  Dr.  H.  Woodward, 
F.R.S.,  Dr.  Hinde,  y.p.o.s.,  and  R  R  Newton,  f.o.s.,  pronounced 
them  all  to  be  "nodular  concretions  flattened  by  pressure."  The 
specimens  on  the  table  show  how  curiously  their  sculpture  simulates 
the  scales  of  fish  and  the  bark  of  trees.  Dr.  Hinde  examined  a 
section  of  the  compact  outer  crust  of  one  of  these  nodules,  and 
found  that  the  microscope  revealed  a  series  of  cones,  which  con- 
firmed him  in  his  previous  opinion — that  these  specimens  were  of 
the  nature  of  cone-in-cone  structure.  A  short  description  of  these 
interesting  objects  forms  the  subject  of  a  separate  paper  to  be  read 
this  afternoon. 

Thus  we  see  that  slow  but  sure  advance  is  being  made  in  the 
attempt  to  break  up  the  great  "  killas-formation "  into  its  com- 
ponent parts,  and  to  bring  the  stratigraphical  sequence  of  the  West 
of  England  into  accord  with  that  established  on  the  Continent. 

Let  us  glance  for  a  moment  at  the  general  problem  which  lies 
before  us. 

Along  the  extreme  north-west  coast,  between  Boscastle  and 
Hartland  Point,  we  find  the  continuation  of  the  Culm  Measures 
(Carboniferous)  of  Devonshire,  greatly  convoluted  it  is  true,  but 
clearly  identifiable  as  Carboniferous  by  the  fossils  which  are  met 
with.  On  the  south  coast  again,  on  the  opposite  side  of  the 
peninsula,  at  Gorran  Haven  and  elsewhere,  fossils  of  Ordovician 
(or  so-called  Lower  Silurian)  age  have  been  detected,  while  in  the 
central  parts  of  the  district — Looe,  Padstow,  &c. — unequivocal 
Devonian  fossils  have  been  found.  It  would  seem  therefore  as  if 
the  rocks  of  our  peninsula^  in  spite  of  their  convoluted  disposition^ 
include  the  four  systems  of  the  Ordovician^  Silurian^  Devonian^ 
and  the  Carboniferous^  and  thai  these  possibly  follow  each  other  in 
ascending  order,  as  toe  pass  from  Gorran  Haven  northward  through 
the  peninsula  totcard  Hartland  Point. 

Typical  zonal  fossils  are  however  so  rarely  found  in  good  preser^ 
vat  ion,  and  the  disposition  of  the  strata  is  so  obscure,  that  it  has 
been  held  by  some  that  the  central  parts  of  our  county — from  St. 
Austell  to  the  Land's  End — may  consist  of  strata  older  than  any 


582     Royal  Geohgiccd  Society  of  CornwalL 

of  these  f ormationB ;  and  some  colour  k  given  to  this  view  hj  tin 
fact  that  what  seems  to  be  a  specimen  of  Paradoxides  was  fbual 
by  Miss  Nicholson  in  a  slate  pebble  of  the  shoie  near  the  Laad'i 
End,  while  Pro£  Bonney  regards  the  foliated  rocks  of  the  Limd 
as  being  possibly  of  Arcbeean  age,  and  Mr.  Collins  m^  d» 
strata  between  Peniyn  and  Portreath,  passing  through  Ponsanoodit 
as  pre-Silurian.*  So  little  is  known,  however,  that  it  appears  iot- 
poesible  as  yet  to  draw  any  definite  line  separating  the  vanovi 
fossil-bearing  formations  from  each  other. 

In  doing  our  best  to  elucidate  the  various  unsolved  probkoB 
of  our  Cornish  rocks  we  may  bear  in  mind  the  words  of  Profeaior 
Lap  worth,  t 

''The  patient  stratigraphical  veteran  knows  perfectly  well  thtt 
geology  is  yet  in  her  merest  youth,  and  that  to  justify  even  her 
very  existence  there  can  be  no  rest  until  the  whole  earth-cmsti  and 
all  its  phenomena,  past,  present^  and  to  come,  have  been  subjected  to 
the  domain  of  human  thought  and  comprehension.  There  can  be 
no  more  finality  in  geology  than  in  any  other  science ;  the  discovoy 
of  to-day  is  merely  the  stepping-stone  to  the  discoveiy  of  to-morrow, 
the  living  theory  of  to-morrow  must  be  nourished  by  the  relics  of 
its  parent  theory  of  to-day." 

The  metamorphic  rocks  round  the  granite  of  the  Land's  End 
have  had  no  fresh  light  thrown  on  them  during  the  past  year ;  bat 
Prof.  Bonney  and  the  Eev.  £.  Hill  have  paid  another  visit  to 
the  Lizard  district,  and  we  may  shortly  expect  to  read  an  interestiiig 
paper  containing  their  latest  views  on  that  puzzling  region. 

The  present  state  of  our  knowledge  touching  the  Lizard  district 
was  so  ably  stated  by  Mr.  W.  H.  Hudleston,  f,r.s.,  in  his  Presi- 
dential Address  to  the  Geological  Society  of  London,  last  February, 
that  I  need  make  no  apology  for  giving  it  verbatim. 

"  Considerable  progress  has  of  late  been  made  towards  a  leoog^ 
nition  of  the  true  character  of  the  Lizard  rocks,  which,  for  the 
extent  of  territory  they  occupy,  are  perhaps  without  equal  in 
point  of  interest  throughout  the  British  Isles.     Prof.  Bonney  maj 


•  Jour.  Hoy,  InstU,  Cornwall,  vol.  vii.  part  1,  1881. 
t  BrU,  Assoc  JUport,  Address  Edinburgh,  1892,  p.  4. 
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be  said  to  have  re-discovered  these  rocks  about  seventeen  years  ago, 
and  his  recognition  of  the  true  origin  of  the  serpentine  laid  the 
foundation  for  the  correct  diagnosis  of  the  entire  peninsula,  whilst 
it  put  an  end  to  a  considerable  amount  of  crude  speculation. 
Another  phase  in  the  history  of  the  Lizard  dates  from  the  publica- 
tion of  Mr.  Teall's  instructive  paper  on  the  Origin  of  Certain  Banded 
Gneisses,^  wherein  he  contended  that  a  series  of  rocks,  hitherto 
regarded  as  sedimentary,  are  really  of  igneous  origin,  and  that  the 
parallel  structure  which  characterizes  many  of  them  has  nothing  to 
do  with  stratification  in  the  ordinary  sense  of  the  word,  but  is  a 
consequence  of  the  deformation  to  which  the  original  rock-masses 
have  been  subjected. 

"Practically  there  is  now  no  dispute,  one  may  say,  as  to  the 
character  of  these  banded  gneisses,  which  present  an  appearance  so 
curiously  imitative  of  sedimentation,  and  although  there  may  be  a 
slight  reserve  in  some  quarters  as  to  the  possibly  pyroclastic  origin 
of  a  portion  of  the  hornblende-schist,  the  rocks  of  the  Lizard 
peninsula,  as  a  whole,  are  regarded  by  all  as  truly  igneous. 

''Amongst  the  more  important  issues  which  yet  remain  for 
decision  is  the  question  as  to  how  far  the  peculiar  structure  of  the 
banded  gneisses  is  due  to  deformation,  or  to  some  congenital 
peculiarity,  as  suggested  by  General  McMahon.  The  next  question 
seems  likely  to  prove  a  thorny  one,  viz.,  the  determination  of  the 
order  of  succession  in  the  several  igneous  masses.  This  latter 
point  is  really  not  one  of  prime  importance,  since  practically  the 
Lizard  rocks,  for  the  most  part,  are  of  one  age,  and  constitute  an 
igneous — possibly  a  plutonic — complex,  portions  of  which  have 
been  folded,  and  the  whole  thrown  into  such  confusion  that  the 
story  told  by  one  section  may  perhaps  be  contradicted  by  the  next. 
It  is  interesting  to  bear  in  mind  certain  points  of  resemblance 
between  the  Lizard  district  and  the  north-west  Highlands,  indicated 
by  Mr.  Teall,  more  especially  as  regards  foliated  crystalline  rocks 
being  cut  by  basic  dykes,  which  themselves  pass  into  schists.  So 
far  as  it  goes  this  evidence  is  in  favour  of  the  generally  accepted 
views  that  the  Lizard  rocks  are  of  ArcLsean  age.     Whether  the 

•  Oco,  Mag,  1887,  p.  484. 
VOL.   XI.  2   R 
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whole  maas  segregated  from  a  homogeneoas  magma^  as  held  bj 
Mr.  Somervaily*  or  whether  the  relations  of  the  several  rod[ 
masses  are  those  of  introsioD,  is  perhaps  a  question  which  cannot 
he  very  easily  answered.  Should  the  former  yiew  be  the  coned 
one,  in  that  case,  according  to  the  accepted  determination  of  the 
order  of  crystallisation  which  we  have  seen  applied  by  Measn 
Dakjms  and  Teall,  and  quite  lately  by  Prof.  Brogger,  the  now 
serpentinized  peridotite  must  have  been  the  earliest  rock  to  oon- 
solidate."t 

We  do  find,  however,  in  the  Lizard  rocks  an  ascertained 
sequence  to  the  following  extent. 

Gabbro  is  intrusive  in  serpentine  throughout  the  whole  districi 
Basic  dykes,  which  are  porphyritic  and  non-porphyritic  dolerites 
and  epidioriles,  cut  both  the  gabbro  and  the  serpentine,  and 
granitic  veins  cut  all  the  others,  as  can  be  plainly  seen  at  Can 
Voose,  350  yards  north  of  Landewednack  Church  Cove,  or  at  low 
water  at  the  base  of  the  cliff  directly  inside  the  Whale  Eock, 
about  300  yards  still  further  north. 

Although  the  serpentine  is  thus  cut  by  three  different  series  of 
intrusive  rocks,  ^Ir.  Teall  noted  the  curious  fact  that  the  great 
mass  of  hornblende  schist  east  of  the  Lizard  remains  intact,  and  is 
cut  by  no  dyke  uf  any  sort.  West  of  the  Lizard  however,  in  the 
Ogo  Dour  (Ugethawr)  district,  we  find  typical  hornblende  schist 
cut  by  basic  dykes.  :^ 

Whether  the  various  intrusions  of  gabbro  were  contemporaxy, 
and  whether  the  various  trap  dykes  are  all  of  the  same  age,  has 
not  as  yet  been  decided,  but  field  observations  show  that  the  rocb 
have  been  much  folded,  faulted,  and  disturbed  since  many  of  these 
intrusions  occurred. 

Passing  from  the  extreme  south  to  the  north  coast  of  Cornwall, 
we  have  to  record  the  discovery  of  a  peculiarly  interesting  sodar 
felspar  rock,  covering  about  an  acre  of  Dinas  Head,  in  the  pansb 
of  St.  Merryn.  It  weathers  white,  and  in  its  compact  state  might 
easily  be  mistaken  for  a  chert.     It  is  interbedded  with  slate,  and 

♦  Oeo.  Mag.  1892,  p.  364. 

t  Quar.  Jour,  Geo,  Soe.  vol.  1.  May,  1894,  pp.  134,  185. 

t  Qunr.  Joiir.  Oeo.  Soc,  vol.  xlix.  1898,  p.  204. 
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in  one  limited  spot  passes  into  a  nodular  yarietj  with  occasional 
spherulitic  structnre.  Mr.  Arthur  F.  Hosking,  of  Camborne, 
analysed  three  varieties  of  this  rock,  and  found  it  to  contain 
nearly  ten  per  cent  of  soda ;  and  a  subsequent  analysis  by  Mr.  J. 
Hort  Player,  of  London,  confirmed  this  result  Whether  it  be  a 
soda  felsite  (keratophyre),  or  whether  it  be  a  rock  of  sedimentary 
origin,  altered  by  contact  metamorphosis,  and  impregnated  with 
soda  by  the  greenstone  which  has  intruded  into  it,  has  not  been  as 
yet  determined.  Its  field  aspect  and  the  presence  of  rhombs  of 
ferric  oxide,  which  are  undoubtedly  pseudomorphs  after  ferric 
carbonates,  favour  the  sedimentary  theory ;  whilst  the  presence  of 
concretions  and  the  spherulitic  structure  favour  an  igneous  theory. 
A  detailed  description  of  this  rock  will  appear  elsewhere.* 

In  addition  to  the  points  already  referred  to  as  worthy  of  careful 
observation,  there  is  one  of  peculiar  economic  importance  to 
Comishmen,  which  has  not  received  tbe  attention  it  deserves,  and 
that  is  the  rate  at  which  Nature  replaces  the  shingle  which  is 
carried  away  by  man  from  the  various  beaches  which  adorn  so 
many  parts  of  our  coast 

In  the  neighbourhood  of  towns  there  is  a  large  and  increasing 
demand  for  shingle.  Eoad  surveyors,  contractors,  builders,  all 
take  it  from  the  most  accessible  beaches,  and  take  it  away  so 
much  faster  than  it  can  be  replaced  by  Nature,  that  the  special 
features  of  certain  neighbourhoods  are  gradually  being  lost,  and 
the  inroads  of  the  sea,  consequent  on  the  removal  of  this  natural 
barrier,  cause  the  loss  of  valuable  land.  As  a  case  that  has  come 
within  my  personal  knowledge,  I  would  instance  the  beaches  of 
Gyllyngvase  and  Swanpool  in  Falmouth  Bay,  between  Pendennis 
Point  and  Pennance  Point.  The  shingle  has  been  so  freely 
removed  from  these  beaches,  that  had  it  not  been  for  some  half 
million  tons  of  coralline,  dredged  from  Falmouth  Harbour, 
deposited  west  of  Pendennis  Point,  and  thence  washed  ashore 
and  drifted  westward,  the  feature  which  gives  Falmouth  one  of 
its  chief  attractions  would  have  disappeared.  The  shingle  in  this 
district  forms  a  littoral  fringe  of  very  limited  extent      At  low 

•  Oeo.  Mag, 
2  R  2 
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watfT  spring  tides  the  bottom  of  the  sea  is  found  to  deepen  yerj 
gradually,  and  is  composed  of  sand  and  mud.  That  there  is  no 
supply  of  shingle  seaward  that  can  be  washed  ashore  his  been 
proved  by  dredging.  The  manufacture  of  fresh  shingle  is  a  vexy 
slow  process.  The  only  sources  from  which  it  can  be  derived  are 
the  quartz  veins,  stones,  and  pebbles  contained  in  that  porticm  of 
the  cliff  which  is  carried  away  by  the  sea  from  time  to  time.  1 
have  consulted  the  authorities  in  Falmouth  most  competent  to 
judge,  and  their  opinion  is  that  not  more  than  from  100  to  200 
tons  of  quartz,  such  as  would  form  shingle,  are  on  an  avenge 
carried  away  by  the  sea  annually.  Thus  the  maximum  annual 
replacement  of  shingle  on  these  beaches  cannot  average  more  than 
from  100  to  200  tons.  I  have  seen  more  than  100  tons  carried 
away  by  carts  and  barges  in  a  single  day.  In  order  to  maintain 
the  public  road  across  Swanpool  Beach,  the  beautiful  shingle  so 
carried  away  has  been  replaced  by  rubbish  from  a  clay  slate 
quarry! 

In  connection  with  our  sea-beaches  the  question  of  drift  has 
special  interest.  Mr.  R.  A.  G.  Austen,  p.r.8.,  in  his  paper*  "On 
the  Valley  of  the  English  Channel,"  states  that  the  raised  beaches 
of  the  West  of  England  contain  material  from  rock  found  onlj 
to  the  eastward,  and  that  a  great  mass  of  flint  shingle  occupies  the 
middle  portion  of  the  Channel,  far  beyond  the  range  of  the  chalk 
strata  on  the  coast.  He  comes  to  the  conclusion  that  the  marginal 
movement  of  the  materials  during  the  period  of  accumulation  of 
these  raised  deposits  was  from  east  to  west,  along  either  side  of 
the  Channel,  or  the  reverse  of  what  now  takes  place.  "  Along  our 
own  southern  shores,"  he  writes,  '*  at  the  present  time  the  move- 
ment of  the  shingle  is  from  west  to  east,  and  on  the  opposite 
coast  of  France  it  is  the  same.  Wherever  the  direction  of  the 
wind  coincides  with  the  line  of  coast,  an  onward  movement  is 
imported  to  the  marginal  line  of  water,  and  this  moves  the  shingle 
along  with  it"t 

As  an  instance  of  the  eastward  drift  the  Budleigh  Salterton 


•  Qu4xr.  Jour.  Geo.  Soc.  vol.  vi.  1860,  pp.  69-97. 
t  Id.  p.  72. 
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pebbles  are  now  generally  considered  to  bave  come  from  rocks  to 
tbe  south-west,  destroyed  during  the  formation  of  tbe  English 
Channel.  * 

The  observations  of  Mr.  John  S.  Enys,  one  of  your  early 
Vice-Presidents,  support  the  same  conclusions. 

"The  only  instance/'  he  writes,!  "in  which  I  have  obtained 
the  rate  of  the  wear  of  the  beach,  occurred  in  a  piece  of  Penryn 
granite  waste  in  building  the"  (St.  Anthony)  "lighthouse.  It 
had  travelled  more  than  a  mile  to  eastward  in  about  seven 
years,  and  it  had  lost  its  angles  on  the  way." 

On  portions  of  our  coast  more  expose^!  than  that  of  St.  Anthony 
the  wear  would  appear  to  be  far  more  rapid.  I  saw  some  blocks 
of  greenstone  a  little  east  of  Cudden  Point,  in  Mount's  Bay,  two 
years  ago,  which  some  miners  had  quarried  and  left  on  the 
foreshore  near  high-water  mark,  some  eighteen  months  previously. 
These  blocks  bad  lost  their  angles  and  appeared  half-way  towards 
becoming  rounded  boulders.  The  process  was  here  hastened  by 
the  Atlantic  waves  rolling  them  about  on  the  clifis  and  foreshore, 
which  are  here  entirely  composed  of  the  same  hard  material. 

Although  the  general  drift  on  the  south  coast  of  Cornwall 
appears  to  be  at  present  from  we^t  to  east,  the  conformation  of 
special  bays  will  produce  drifts  peculiar  to  the  particular  locality. 
In  Falmouth  Bay,  as  already  noticed,  the  drift  is  from  east  to  west, 
the  coralline  deposited  ofif  the  Falmouth  Hotel  has  drifted  westward 
along  the  coast  past  GyllyAgvase,  and  almost  reaches  Swanpool. 

Wherever  there  are  strong  currents,  stones  will  be  transported 
from  one  district  to  another.  Mr.  Rupert  Yallentin,  in  his 
biological  investigations  last  year,  saw  fucus  drifting  out  of 
Falmouth  Harbour  in  the  tideway,  carrying  to  sea  a  stone  which 
weighed  1^  lbs.  The  fucus  on  some  parts  of  our  coast  transports 
much  larger  stones  even  than  this,  and  the  sea  tears  away  large 
pieces  of  rock  to  which  fucus  is  attached  at  the  bottom  of  the  sea> 
and  carries  them  to  the  shore. 

Stones  of   serpentine  and  hornblende  schist,  similar  to  those 

•  Geology  of  England  and  Wales.     Woodward.     1887,  pp.  238,  239. 
t  ''Remarks  on  the  intensity  and  quantity  of   the  juDction  changes  of 
Sussex  and  Cornwall  considered  as  mining  districts."    p.  27.     Stanford. 
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By  the  death  of  Sir  Richaid  Owen  last  year  we  loat  a  aeeond 
honorary  member  whoee  fame  is  world-wide. 

The  twelve  months  since  we  met  in  this  room  have  not  patd 
without  some  progress  having  been  secured  in  our  knowledge  of 
the  Geology  of  our  county. 

When  I  had  the  honour  of  addressing  you  last  Novembec^  time 
suggestions  were  made  as  to  the  manner  in  which  members  of  this 
Society  might  materially  promote  its  objects. 

Firstly.  By  tracing  the  beds  of  Mullion  Island  Radiolariin 
Cherts  throughout  the  county. 

Secondly.  By  discovering  typical  zonal  fossils  in  the  slates  and 
shales  associated  with  these  cherts,  so  as  to  determine  their  predae 
age  and  position  in  the  Geological  sequence  of  Cornish  rocks,  and 
thereby  form  a  "  datum  line  "  from  which  to  proceed  to  unfold  the 
complexities  of  our  sedimentary  rocks,  and  ascertain  their  trae 
succession  and  thickness. 

Thirdly.  By  discovering  typical  zonal  fossils  in  other  Cornish 
rocks  wherever  they  occur. 

We  will  now  consider  what  progress  has  been  made  in  these 
three  directions. 

1.  My  friend  Mr.  F.  J.  Stephens  has  been  indefatigable  in  his 
search  for  exposures  of  the  Mullion  Island  Eadiolarian  Cherts 
during  the  past  year.  His  exertions  have  been  attended  with 
some  success.  Ho  has  discovered  fragments,  apparently  of  these 
cherts,  in  the  conglomerate  inside  the  Nare  Point,  Meneage.  He 
discovered  a  large  block  on  Clahar  Cairn,  1200  yards  N.K  of 
the  village  of  Mullion;  whilst  in  Chypons  Valley,  500  yards 
further  north,  exactly  where  the  Geological  Map  shows  the  slate 
to  join  the  schist  series,  and  exactly  where  we  might  expect  to 
find  the  extension  of  the  Mullion  Island  beds,  he  found  numeioas 
blocks  of  chert  lying  about  the  hedges.  The  exposures  from 
which  they  were  quarried  appear  to  be  at  present  overgrown  or 
covered  up,  and  they  have  not  as  yet  been  found  in  situ,  Theee 
cherts  show  under  the  microscope  circular  spaces  which  suggest 
the  casts  of  Kadiolaria.  The  absence  of  structure  is  no  proof  that 
they  are  not  of  Eadiolarian  origin.  With  these  exceptions,  as  far 
as  I  am  aware,  no  further  exposures  of  what  we  may  call  the 
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Mallion  Island  Eadiolarian  Cherts  have  been  discoyeied  since  those 
described  last  year.^ 

Under  the  guidance  of  my  friend,  Mr.  W.  A.  K  Ussher,  I  visited 
some  of  the  Carboniferous  Cherts  of  East  Cornwall,  and  Dr.  Hinde 
has  determined  that  some  of  the  sections  cut  from  these  rocks,  in 
Carzantic  Quarry,  two  miles  KS.K  of  Launceston,  are  filled  with 
Radiolarian  casts,  and  in  one  instance  traces  of  structure  are  seen. 

Cherts  have  been  found  at  Eoundhole  Point,  Cataclews  Point, 
and  at  Dinas  Head,  and  are  the  subject  of  a  paper  to  be  read  here 
this  afternoon ;  but  the  microscope  reveals  no  definite  Radiolarian 
structure  in  any  of  the  slices  which  have  hitherto  been  cut  from 
them. 

In  connection  with  the  MuUion  Island  Cherts  you  may  be  in- 
terested to  hear  an  extract  of  a  letter  I  received  last  year  from  Dr. 
Charles  Bairois,  the  distinguished  French  G^logist. 

"I  was  glad,"  he  writes,  ''to  receive  your  specimens  of  the 
Eadiolarian  Chert  from  Mullion  Island  and  of  the  mainland.  ...  I 
have  seen  them  with  the  greatest  interest,  as  they  are  very  much 
like  the  pre-Cambrian  cherts  of  Brittany,  where  I  have  also  found 
badly-preserved  Radiolarians.  I  will  give  much  care  this  summer 
to  the  question,  and  try  to  find  specimens  like  yours.'' 

These  so-caUed  Brittany  Radiolaria  are  seventeen  times  smaller 
than  the  Mullion  Island  Eadiolaria,  which  latter  agree  with  modem 
forms. 

2.  The  second  suggestion  has  not  yet  been  successfully  carried 
out,  though  some  progress  has  been  made.  Distinct  crinoidal 
remains  have  been  found  in  dark  friable  shales,  interbedded  with 
the  limestones  and  Eadiolarian  Cherts,  which  are  associated  with  the 
Ordovician  quartzites  of  Yeryan.  These  were  first  observed  by 
Prof.  Bonney,  Eev.  K  Hill,  and  myself  last  July,  and  specimens 
of  these  rocks  lie  on  this  table  for  your  Museum.  We  may 
reasonably  hope  that  further  research  will  reveal  typical  fossils,  in 
such  a  state  of  preservation  as  to  settle  absolutely  the  age  of  these 
cherts.t 

*  BriL  Assoc,  Report,  Nottingham,  1893. 

t  In  my  last  year's  address  I  stated  (p.  9)  that  Mr.  Peach  found  no  fossils 
in  slate  west  of  the  Van.    This  was  a  mistake.    At  page  57  of  your  sixth 
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Maseum  some  specimens  from  a  railway  cnttiDg  in  Tiewoiden 
Wood,  near  Wadebridge,  some  of  which  appeared  to  him  to  be 
fossil  fishes,  and  others  portions  of  trees.  Dr.  H.  Woodward, 
F.R.8.,  Dr.  Hinde,  y.p.o.s.,  and  R  B.  Newton,  f.o.s.,  pronounced 
them  all  to  be  "  nodular  concretions  flattened  by  pressure."  The 
specimens  on  the  table  show  how  curiously  their  sculpture  simulates 
the  scales  of  fish  and  the  bark  of  trees.  Dr.  Hinde  examined  a 
section  of  the  compact  outer  crust  of  one  of  these  nodules,  and 
found  that  the  microscope  revealed  a  series  of  cones,  which  con- 
firmed him  in  his  previous  opinion — that  these  specimens  were  of 
the  nature  of  cone-in-cone  structure.  A  short  description  of  these 
interesting  objects  forms  the  subject  of  a  separate  paper  to  be  read 
this  afternoon. 

Thus  we  see  that  slow  but  sure  advance  is  being  made  in  the 
attempt  to  break  up  the  great  '*  killas-formation "  into  its  com- 
ponent parts,  and  to  bring  the  stratigraphical  sequence  of  the  West 
of  England  into  accord  with  that  established  on  the  Continent. 

Let  us  glance  for  a  moment  at  the  general  problem  which  lies 
before  us. 

Along  the  extreme  north-west  coast,  between  Boscastle  and 
Hartland  Point,  we  find  the  continuation  of  the  Culm  Measures 
(Carboniferous)  of  Devonshire,  greatly  convoluted  it  is  true,  but 
clearly  identifiable  as  Carboniferous  by  the  fossils  which  are  met 
with.  On  the  south  coast  again,  on  the  opposite  side  of  the 
peninsula,  at  Gorran  Haven  and  elsewhere,  fossils  of  Ordovician 
(or  so-called  Lower  Silurian)  age  have  been  detected,  while  in  the 
central  parts  of  the  district — Looe,  Padstow,  &c. — unequivocal 
Devonian  fossils  have  been  found.  It  would  seem  therefore  as  if 
the  rocks  of  our  peninsula,  in  spite  of  their  convoluted  disposition, 
include  the  four  systems  of  the  Ordovician,  Silurian,  Devonian, 
and  the  Carboniferous,  and  that  these  possibly  follow  each  other  in 
ascending  order,  as  we  pcMS  from  Gorran  Haven  northward  through 
the  peninsula  totcard  Hartland  Point, 

Typical  zonal  fossils  are  however  so  rarely  found  in  good  preser^ 
vation,  and  the  disposition  of  the  strata  is  so  obscure,  that  it  has 
been  held  by  some  that  the  central  parts  of  our  county — from  St. 
Austell  to  the  Land's  End — may  consist  of  strata  older  than  any 
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be  said  to  have  re-discovered  these  rocks  about  seventeen  years  ago, 
and  his  recognition  of  the  true  origin  of  the  serpentine  laid  the 
foundation  for  the  correct  diagnosis  of  the  entire  peninsula,  whilst 
it  put  an  end  to  a  considerable  amount  of  crude  speculation. 
Another  phase  in  the  history  of  the  Lizard  dates  from  the  publica- 
tion of  Mr.  Teall's  instructive  paper  on  the  Origin  of  Certain  Banded 
Gneisses,*  wherein  he  contended  that  a  series  of  rocks,  hitherto 
regarded  as  sedimentary,  are  really  of  igneous  origin,  and  that  the 
parallel  structure  which  characterizes  many  of  them  has  nothing  to 
do  with  stratification  in  the  ordinary  sense  of  the  word,  but  is  a 
consequence  of  the  deformation  to  which  the  original  rock-masses 
have  been  subjected. 

''Practically  there  is  now  no  dispute,  one  may  say,  as  to  the 
character  of  these  banded  gneisses,  which  present  an  appearance  so 
curiously  imitative  of  sedimentation,  and  although  there  may  be  a 
slight  reserve  in  some  quarters  as  to  the  possibly  pyroclastic  origin 
of  a  portion  of  the  hornblendenschist,  the  rocks  of  the  Lizard 
peninsula,  as  a  whole,  are  regarded  by  all  as  truly  igneous. 

''Amongst  the  more  important  issues  which  yet  remain  for 
decision  is  the  question  as  to  how  far  the  peculiar  structure  of  the 
banded  gneisses  is  due  to  deformation,  or  to  some  congenital 
peculiarity,  as  suggested  by  General  McMahon.  The  next  question 
seems  likely  to  prove  a  thorny  one,  viz.,  the  determination  of  the 
order  of  succession  in  the  several  igneous  masses.  This  latter 
point  is  reaUy  not  one  of  prime  importance,  since  practically  the 
Lizard  rocks,  for  the  most  part,  are  of  one  age,  and  constitute  an 
igneous — possibly  a  plutonic — complex,  portions  of  which  have 
been  folded,  and  the  whole  thrown  into  such  confusion  that  the 
story  told  by  one  section  may  perhaps  be  contradicted  by  the  next. 
It  is  interesting  to  bear  in  mind  certain  points  of  resemblance 
between  the  Lizard  district  and  the  north-west  Highlands,  indicated 
by  Mr.  Teall,  more  especially  as  regards  foliated  crystalline  rocks 
being  cut  by  basic  dykes,  which  themselves  pass  into  schists.  So 
far  as  it  goes  this  evidence  is  in  favour  of  the  generally  accepted 
yiews  that  the  Lizard  rocks  are  of  Archaean  age.     Whether  the 

•  Qto,  Mag,  1887,  p.  484. 
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in  one  limited  spot  passes  into  a  nodular  variety  with  occasional 
spherolitic  stractnre.  Mr.  Arthur  F.  Hosking,  of  Camhome, 
analysed  three  varieties  of  this  rock,  and  found  it  to  contain 
nearly  ten  per  cent  of  soda ;  and  a  suhsequent  analysis  hy  Mr.  J. 
Hort  Player,  of  London,  confirmed  this  result  Whether  it  he  a 
soda  felsite  (keratophyre),  or  whether  it  he  a  rock  of  sedimentary 
origin,  altered  by  contact  metamorphosis,  and  impregnated  with 
soda  by  the  greenstone  which  has  intruded  into  it,  has  not  been  as 
yet  determined.  Its  field  aspect  and  the  presence  of  rhombs  of 
ferric  oxide,  which  are  undoubtedly  pseudomorphs  after  ferric 
carbonates,  favour  the  sedimentary  theory ;  whilst  the  presence  of 
concretions  and  the  spherulitic  structure  favour  an  igneous  theory. 
A  detailed  description  of  this  rock  will  appear  elsewhere.* 

In  addition  to  the  points  already  referred  to  as  worthy  of  careful 
observation,  there  is  one  of  peculiar  economic  importance  to 
Comishmen,  which  has  not  received  tbe  attention  it  deserves,  and 
that  is  the  rate  at  which  Nature  replaces  the  shingle  which  is 
carried  away  by  man  from  the  various  beaches  which  adorn  so 
many  parts  of  our  coast. 

In  the  neighbourhood  of  towns  there  is  a  large  and  increasing 
demand  for  shingle.  Eoad  surveyors,  contractors,  builders,  all 
take  it  from  the  most  accessible  beaches,  and  take  it  away  so 
much  faster  than  it  can  be  replaced  by  Nature,  that  the  special 
features  of  certain  neighbourhoods  are  gradually  being  lost,  and 
the  inroads  of  the  sea,  consequent  on  the  removal  of  this  natural 
barrier,  cause  the  loss  of  valuable  land.  As  a  case  that  has  come 
within  my  personal  knowledge,  I  would  instance  the  beaches  of 
Oyllyngvase  and  Swan  pool  in  Falmouth  Bay,  between  Pendennis 
Point  and  Pennance  Point.  The  shingle  has  been  so  freely 
removed  from  these  beaches,  that  had  it  not  been  for  some  half 
million  tons  of  coralline,  dredged  from  Falmouth  Harbour, 
deposited  west  of  Pendennis  Point,  and  thence  washed  ashore 
and  drifted  westward,  the  feature  which  gives  Falmouth  one  of 
its  chief  attractions  would  have  disappeared.  The  shingle  in  this 
district  forms  a  littoral  fringe  of  very  limited  extent.      At  low 

•  Geo.  Mag, 
2  R  2 
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tracted,  as  he  thought,  in  his  daily  use  of  the  undexgioimd 
railway  whilst  representing  his  firm  in  London,  to  inteifen 
with  his  duties.  Within  a  few  weeks  of  his  death  he  ga?e  a 
lecture  of  great  value  on  "Cornish  Boilers."  His  nnbonndsd 
energy,  his  clear  grip  of  his  professional  work,  united  with  good- 
ness of  heart  and  wonderful  cheerfulness,  endeared  him  to  alL 
Personal  friendship  and  esteem  brought  home  to  many  of  us  the 
full  sense  of  the  great  loss  we  sustained  by  his  death,  whilst  the 
brave  way  in  which  he  to  the  last  devoted  his  talents  to  promote 
the  material  and  intellectual  welfare  of  all  around  him,  left  in 
example  of  heroism  not  often  seen. 

In  Mr.  Martin  Magor,  who  died  last  December,  this  Society  lost 
a  valued  member  of  its  Council — a  Comishman  who  for  50  yean 
carried  on  his  professional  practice  in  Penzance.  His  attention 
was  turned  rather  to  the  Ornithological  than  to  the  Geological 
branch  of  Natural  History. 

William  Pengelly,  f.r.s.,  was  bom  at  Looe  in  1812,  and  was 
connected  with  this  Society  as  corresponding  or  honorary  membo 
since  1856.  His  career  is  a  striking  example  of  the  brilliant 
success  which  may  attend  the  study  of  Geology,  in  the  intervals 
of  a  busy  professional  life. 

The  seventh  volume  of  your  Transactions  contains  nine  of  his 
papers. 

Three  "On  the  Icthyolites  and  Geology  of  South-East  Cornwall,'' 
commencing  at  Talland  Sands  Bay  (the  point  at  which  Mr.  Peach's 
labours  eastward  terminated),  and  comprising  the  coast  of  Cornwall, 
thence  to  the  Tamar.  The  fourth  paper  recorded  the  results  of 
his  search  still  further  east,  viz.,  from  Mount  Batten,  near  Plymouth, 
to  the  Bolt  Tail 

The  other  papers  were  as  follows : 

^*  On  the  Beekites  Found  in  the  Red  Conglomerates  of  Torbay." 
pp.  309-315. 

''The  Geographical  and  Chronological  Distribution  of  the 
Devonian  Fossils  of  Devon  and  Cornwall"    pp.  388-418. 

''On  the  Geological  Age  of  the  Dartmoor  Granites."  pp.  419- 
432. 

"On  the  Correlation  of  the  Slates  and  Limestones  of  Devon 
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pebbles  are  now  generally  considered  to  bave  come  from  rocks  to 
tbe  soutb-west,  destroyed  during  tbe  formation  of  tbe  Englisb 
Cbannel.  * 

Tbe  observations  of  Mr.  Jobn  S.  Enys,  one  of  your  early 
Vice-Presidents,  support  tbe  same  conclusions. 

"Tbe  only  instance/'  be  writes,!  "in  wbicb  I  bave  obtained 
tbe  rate  of  the  wear  of  tbe  beach,  occurred  in  a  piece  of  Penryn 
granite  waste  in  building  tbe"  (St.  Anthony)  "lighthouse.  It 
bad  travelled  more  tban  a  mile  to  eastward  in  about  seven 
years,  and  it  had  lost  its  angles  on  the  way." 

On  portioQs  of  our  coast  more  exposejl  tban  tbat  of  St  Autbony 
tbe  wear  would  appear  to  be  far  more  rapid.  I  saw  some  blocks 
of  greenstone  a  little  east  of  Cudden  Point,  in  Mount's  Bay,  two 
years  ago,  wbicb  some  miners  bad  quarried  and  left  on  tbe 
furesbore  near  high-water  mark,  some  eighteen  months  previously. 
These  blocks  bad  lost  their  angles  and  appeared  half-way  towards 
becoming  rounded  boulders.  The  process  was  here  hastened  by 
tbe  Atlantic  waves  rolling  them  about  on  the  cliffo  and  foreshore, 
which  are  here  entirely  composed  of  tbe  same  bard  material. 

Altbougb  the  general  drift  on  the  south  coast  of  Cornwall 
appears  to  be  at  present  frum  weat  to  east,  tbe  conformation  of 
special  bays  will  produce  drifts  peculiar  to  tbe  particular  locality. 
In  Falmouth  Bay,  as  already  noticed,  tbe  drift  is  from  east  to  west, 
tbe  coralline  deposited  ofif  the  Falmouth  Hotel  has  drifted  westward 
along  tbe  coast  past  Gyllyligvase,  and  almost  reaches  Swanpool. 

Wherever  tbere  are  strong  currents,  stones  will  be  transported 
fn)m  one  district  to  another.  Mr.  Hupert  Yallentin,  in  his 
biological  investigations  last  year,  saw  fucus  drifting  out  of 
Falmouth  Harbour  in  the  tideway,  carrying  to  sea  a  stone  which 
weighed  1^  lbs.  Tbe  fucus  on  some  parts  of  our  coast  transports 
much  larger  stones  even  than  this,  and  the  sea  tears  away  large 
pieces  of  rock  to  wbicb  fucus  is  attached  at  tbe  bottom  of  tbe  seai 
and  carries  them  to  the  shore. 

Stones  of   serpentine  and  hornblende  schist,  similar  to  those 

•  Geology  of  England  and  Wales.     Woodward.     1887,  pp.  238,  239. 
t  ''Remarks  on  the  intensity  and  quantity  of  the  junction  changes  of 
Sussex  and  Cornwall  considered  as  mining  districts."    p.  27.     Stanford. 
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By  the  death  of  Sir  Eichard  Owen  last  year  we  lost  a  second 
honorary  member  whose  feone  is  world-wide. 

The  twelve  months  since  we  met  in  this  room  have  not  passed 
without  some  progress  having  been  secured  in  our  knowledge  of 
the  eulogy  of  our  county. 

When  I  had  the  honour  of  addressing  you  last  November,  thne 
suggestions  were  made  as  to  the  manner  in  which  members  of  this 
Society  might  materially  promote  its  objects. 

Firstly.  By  tracing  the  beds  of  Mullion  Island  Radiolarian 
Cherts  throughout  the  county. 

Secondly.  By  discovering  typical  zonal  fossils  in  the  slates  and 
shales  associated  with  these  cherts,  so  as  to  determine  their  preGiae 
age  and  position  in  the  Geological  sequence  of  Cornish  rocks,  and 
thereby  form  a  "  datum  line  '*  from  which  to  proceed  to  unfold  the 
complexities  of  our  sedimentary  rocks,  and  ascertain  their  tme 
succession  and  thickness. 

Thirdly.  By  discovering  typical  zonal  fossils  in  other  Ccnuish 
rocks  wherever  they  occur. 

We  will  now  consider  what  progress  has  been  made  in  these 
three  directions. 

1.  My  friend  Mr.  F.  J.  Stephens  has  been  indefatigable  in  his 
search  for  exposures  of  the  Mullion  Island  Badiolarian  Cherts 
during  the  past  year.  His  exertions  have  been  attended  with 
some  success.  Ho  has  discovered  fragments,  apparently  of  these 
cherts,  in  the  conglomerate  inside  the  Nare  Point,  Meneage.  He 
discovered  a  large  block  on  Ciahar  Cairu,  1200  yards  N.K  of 
the  village  of  Mullion;  whilst  in  Chypons  Valley,  500  yards 
further  north,  exactly  where  the  Geological  Map  shows  the  slate 
to  join  the  schist  series,  and  exactly  where  we  might  expect  to 
find  the  extension  of  the  Mullion  Island  beds,  he  found  numeroos 
blocks  of  chert  lying  about  the  hedges.  The  exposures  from 
which  they  were  quarried  appear  to  be  at  present  overgrown  or 
covered  up,  and  they  have  not  as  yet  been  found  in  situ.  These 
cherts  show  under  the  microscope  circular  spaces  which  suggest 
the  casts  of  Radiolaria.  The  absence  of  structure  is  no  proof  that 
they  are  not  of  Radiolarian  origin.  With  these  exceptions,  as  fax 
as  I  am  aware,  no  further  exposures  of  what  we  may  call  the 
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IB  eighty-first  year  of  the  Society's  existence  has  been  marked 
'  increased  activity  and  effort  to  attain  to  further  nsefcdness. 
le  series  of  lectures  inaugurated  just  a  year  ago  proved  fairly 
ccessfuL  The  lectures  in  themselves  were  excellent,  but  the 
tendances  were  somewhat  disappointing.  Upon  each  occasion 
e  weather  happened  to  be  peculiarly  unpropitious,  and  this 
idoubtedly  militated  against  large  audiences.  The  first  lecture 
the  present  session  was  given  in  this  Museum,  on  the  last 
iday  in  October,  by  the  President,  who  took  as  his  subject 
Science  at  Oxford/'  which  was  an  interesting  resumS  of  the 
oceedings  at  the  Meeting  of  the  British  Association  in  1894. 
le  next  lecture,  on  the  last  Friday  in  November,  will  be  by 
r.  John  J.  Beringer,  F.c.s.,  of  Camborne,  who  entitles  his 
dress  "  Some  Talk  about  Crystals." 

The  joint  meeting  of  the  four  County  Scientific  Societies,  held 
these  rooms  on  the  15th  of  June  last,  was  decidedly  successful, 
d  the  papers  then  read  are  now  in  the  hands  of  the  printer,  and 
ill  appear  in  the  next  issue  of  Transactions,  The  Report  and 
-ansactions  for  1893-94  were  distributed  amongst  the  members 
id  various  learned  societies  early  in  the  present  year.  Their 
lue  is  attested  by  an  increased  demand.  The  Society  is  unable 
supply  complete  copies  of  several  of  its  volumes  of  Transactions, 
d  members  or  others  having  odd  numbers  (which  have  escaped 
nding)  of  any  volume,  except  that  now  being  published  (viz., 
>1.  xi.),  would  be  conferring  a  benefit  upon  the  Society  by 
burning  them  to  the  Librarian.  The  remaining  parts  are  being 
kI  up  into  volumes,  and  except  in  certain  cases  no  single  number 
n  be  supplied. 
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In  the  Library  the  services  of  Mr.  J.  S.  Doidge  have  been  veiy 
valuable,  and  the  Council  desire  to  recommend  him  for  election 
as  an  Associate  of  this  Society. 

A  large  number  of  volumes  have  been  added  to  the  Libniy 
shelves  during  the  present  year,  and  the  binding  has  been  brought 
well  up  to  dat«.  Particulars  of  numerous  donations  and  purchases 
will  be  found  in  the  Report  of  the  Librarian. 

Several  interesting  specimens  have  been  added  to  the  Society's 
Museum,  and  one  collection  of  particular  value  is  that  of  the  late 
Mr.  Thomas  Cornish,  many  years  an  active  member  of  this  Society, 
presented  by  his  sons,  Messrs.  T.  H.  and  J.  B.  Cornish,  upon  the 
understanding  that  the  collection  shall  be  kept  together.  A  list  of 
the  acquisitions  of  the  past  twelve  months  will  be  found  in  the 
Report  of  the  Curator.  The  Council  desire  to  acknowledge  the 
continued  kindness  of  Mr.  J.  H.  Collins  in  investigating  and 
making  available  for  study  the  interesting  collection  of  Conush 
fossils,  preserved  in  the  lower  Museum. 

One  of  our  Honorary  Members,  Mr.  William  Pengelly,  F.B.a., 

of  Torquay,  already  alluded  to  in  the  Address  of  the  President, 

has  passed  away  since  we  last  met;  and  further  it  is  with  very 

sincere  regret  that  the  Council  have  to  record  the  loss  of  one  of 

their  number — Mr.  Martin  Magor,  of  this  town — who  for  many 

years  was  a  member  of  the  Society,  and  one  of  the  must  regular 

attendants  at  its  meetings.     He  was  present  at  the  last  Annual 

« 

Meeting,  on  the  10th  November,  1893,  and  died,  after  a  very  short 
illness,  on  the  19th  December  following. 

Recently  also  the  caretaker  of  these  rooms,  as  well  as  of  the 
Municipal  and  Public  Buildings  Company's  portions  oi  the  united 
block  of  buildings,  has  been  removed  by  death,  and  it  became  the 
duty  of  the  Council  to  consider  the  position,  especially  with  regard 
to  the  well-being  of  this  Society.  At  a  Special  Meeting  of  the 
Council,  held  on  the  4th  October  last,  it  was  resolved  that, 
recognising  the  desirability  of  a  resident  official,  the  Council 
recommend  that  notice  be  given  to  the  Corporation  and  Public 
Buildings  Company  of  the  intention  of  the  Royal  Geological 
Society  of  Cornwall  to  terminate  the  present  housekeeping 
arrangements  at  Christmas,  and  that  at  the  Annual  Meeting  a 
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lesolation  be  submitted  embodying  the  tenns  and  conditions 
on  which  a  housekeeper  should  be  appointed.  This  resolution 
was  confirmed  at  a  later  Special  Meeting  of  the  Council  (16th 
October),  and  the  question  is  now  laid  before  you. 

In  conclusion,  the  Council  desire  to  recommend  for  election,  as 
Ordinary  Members  of  this  Society,  Messrs.  David  Howell,  of 
Eosehill,  and  George  Paulle  Bazeley,  of  Penzance. 

GEORGE  BOWJN^  MILLETT, 

Becrbtaby  and  Curator. 
PtJVianeey  2nd  Nov.,  1894. 
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of  these  formations ;  and  some  colonr  is  given  to  this  view  bj  tiie 
fact  that  what  seems  to  be  a  specimen  of  Paiadozidea  was  fouid 
by  Miss  Nicholson  in  a  slate  pebble  of  the  shore  near  the  Lnf  i 
End,  while  Pro£  Bonney  regards  the  foliated  rocks  of  the  limd 
as  being  possiUy  of  Archaean  age,  and  Mr.  Collins  maps  dM 
strata  between  Penryn  and  Portreath,  passing  through  Ponaanootli, 
as  pre-Silurian.*  So  little  is  known,  however,  that  it  appears  im- 
possible as  yet  to  draw  any  definite  line  separating  the  vanooi 
fossil-bearing  formations  from  each  other. 

In  doing  our  best  to  elucidate  the  various  unsolved  problem 
of  our  Cornish  rocks  we  may  bear  in  mind  the  words  of  Ptofenor 
Lapworth.t 

"The  patient  stratigraphical  veteran  knows  perfectly  well  thit 
geology  IB  yet  in  her  merest  youth,  and  that  to  justify  even  her 
very  existence  there  can  be  no  rest  until  the  whole  earth-crusty  and 
all  its  phenomena,  past,  present^  and  to  come,  have  been  subjected  to 
the  domain  of  human  thought  and  comprehension.  There  can  be 
no  more  finality  in  geology  than  in  any  other  science ;  the  discoveiy 
of  to-day  is  merely  the  stepping-stone  to  the  discovery  of  to-morrow, 
the  living  theory  of  to-morrow  must  be  nourished  by  the  relics  of 
its  parent  theory  of  to-day." 

The  metamorphic  rocks  round  the  granite  of  the  Land's  End 
have  had  no  fresh  light  thrown  on  them  during  the  past  year ;  bat 
Prof.  Bonney  and  the  Kev.  E.  Hill  have  paid  another  visit  to 
the  Lizard  district,  and  we  may  shortly  expect  to  read  an  inteiestiiig 
paper  containing  their  latest  views  on  that  puzzling  region. 

The  present  state  of  our  knowledge  touching  the  Lizard  district 
was  so  ably  stated  by  Mr.  W.  H.  Hudleston,  f.&s.,  in  his  Presi- 
dential Address  to  the  Geological  Society  of  London,  last  Febroaiy, 
that  I  need  make  no  apology  for  giving  it  verbatim. 

"  Considerable  progress  has  of  late  been  made  towards  a  recog- 
nition of  the  true  character  of  the  Lizard  rocks,  which,  for  the 
extent  of  territory  they  occupy,  are  perhaps  without  equal  in 
point  of  interest  throughout  the  British  Isles.     Prof.  Bonney  may 


*  Jour.  Bay,  Insiit.  ComioaUf  vol.  vii.  part  1,  1881. 
t  BriL  A$$oe,  Beport,  Address  Edinburgh,  1892,  p.  4. 
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Canada.     Canadian  Institute,  Toronto. 

Transactions :  VoL  iv.,  part  1,  March,  1894. 

Royal  8vo.     Toronto,  1894. 

Fifth  Annual  Report,  Session  1892-93. 
Seventh  Annual  Report,  Session  1893-94. 

Being  an  Appendix   to   the  Report  of  the   Minister  of 
Education,  Ontario. 

Royal  8vo.     Toronto,  1893-1894. 

.     Geological  and  Natural  History  Survey. 

Palaeozoic  Fossils.  By  K  Billings,  Palaeontologist  G.S.C. 
Vol.  ii.,  part  1.  Royal  8vo.     Montreal,  1874. 

Catalogue  of  Canadian  Plants.  Part  5,  Acrogens.  By  John 
Macoun,  Royal  8vo.     Montreal,  1890. 

Catalogue  of  Canadian  Plants.  Part  6,  Musci.  By  John 
Macoun.  Royal  8vo.     Montreal,  1892. 

Contributions  to  the  Micro-Palaeontology  of  the  Cambro- 
Silurian  Rocks  of  Canada.     By  Arthur  H.  Foord. 

Royal  8vo.     Ottawa,  1883. 

List  of  Publications  of  the  Geological  and  Natural  History 
Survey  of  Canada.  Royal  8vo.     Montreal,  1889. 

Annual  Report  for  the  years  1890-91.  New  Series, 
vol.  v.,  parts  1  and  2,  with  plates  and  maps  (in  cover.) 
By  A.  R.  C.  Selwyn.  8vo.     Ottawa,  1893. 

Catalogue  of  a  Stratigraphical  Co^ection  of  Canadian 
Rocks  prepared  for  the  World's  Columbian  Exposition, 
Chicago,  1893.  By  Walter  F.  Ferrier,  Lithologist  to  the 
Survey.  Royal  8vo.     Ottawa,  1893. 

.     Royal  Society  of  Canada. 

Proceedings  and  Transactions  for  1893,  voL  xi. 

4to.     Ottawa,  1894. 
Cincinnati.     Society  of  Natural  History. 

Journal :  VoL  xvL,  Nos.  2  and  3.     July  to  October,  1893. 
„  No.  4.  January,  1894. 

(Including  Title-page  and  Contents  for  vol.  xvi.) 

8vo.     Cincinnati,  1893-94. 
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whole  mass  segregated  from  a  homogeneous  magma,  as  held  by 
Mr.  Somenrail,*  or  whether  the  relations  of  the  aeveral  rock 
masses  are  those  of  intrusion,  is  perhaps  a  question  which  cannot 
he  very  easily  answered.  Should  the  former  view  be  the  correct 
one,  in  that  case,  according  to  the  accepted  determination  of  the 
order  of  crystallisation  which  we  have  seen  applied  by  Messn. 
Dakyns  and  Teall,  and  quite  lately  hy  Prof.  Brogger,  the  now 
serpentinized  peridotite  must  have  been  the  earliest  rock  to  con- 
solidate." t 

We  do  find,  however,  in  the  Lizard  rocks  an  ascertained 
sequence  to  the  following  extent. 

Gahbro  is  intrusive  in  serpentine  throughout  the  whole  district 
Basic  dykes,  which  are  porphyritic  and  non-porphyritic  dolerites 
and  epidioriles,  cut  both  the  gahhro  and  the  serpentine,  and 
granitic  veins  cut  all  the  others,  as  can  be  plainly  seen  at  Can 
Yoose,  350  yards  north  of  Landewednack  Church  Cove,  or  at  low 
water  at  the  hase  of  the  clifif  directly  inside  the  Whale  Bock, 
about  300  yards  still  further  north. 

Although  the  serpentine  is  thus  cut  by  three  difierent  series  of 
intrusive  rocks,  Mr.  Teall  noted  the  curious  fact  that  the  great 
mass  of  hornblende  schist  east  uf  the  Lizard  remains  intact,  and  is 
cut  by  no  dyke  uf  any  sort.  West  of  the  Lizard  however,  in  the 
Ogo  Dour  (Ugethawr)  district,  we  find  typical  hornblende  schist 
cut  by  basic  dykes.  J 

Whether  the  various  intrusions  of  gabbro  were  contemporaiy, 
and  whether  the  various  trap  dykes  are  all  of  the  same  age,  has 
not  as  yet  been  decided,  but  field  observations  show  that  the  rocb 
have  been  much  folded,  faulted,  and  disturbed  since  many  of  thoM 
intrusions  occurred. 

Passing  from  the  extreme  south  to  the  north  coast  of  Cornwall, 
wo  have  to  record  the  discovery  of  a  peculiarly  interesting  soda- 
felspar  rock,  covering  about  an  acre  of  Dinas  Head,  in  the  pariah 
of  St.  Merryn.  It  weathers  white,  and  in  its  compact  state  might 
easily  be  mistaken  for  a  chert.     It  is  interbedded  with  slate,  and 

•  Geo.  Mag.  1892,  p.  364. 

t  Quar,  Jour.  Oeo.  Soc.  vol.  1.  May,  1894,  pp.  184,  135. 

X  Quar.  Jour.  Geo.  Soc.  vol.  xlix.  1898,  p.  204. 
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Dorpat      Naturforschep  Gesellschaft. 

Archiv  fiir  die  Naturkunde  liv-,  Ehst-und  Kurlands. 
Serie  2,  Band  x.,  lief  3,  1893. 
„      2      „      X.,  lief  4,  1894.  8vo.  Dorpat,  1893-1894. 

.     Sitzungsberichte  :  Band  x.,  heft  2,  1893. 

8vo.     Dorpat,  1894. 
Dublin.     Royal  Dublin  Society. 

Scientific  Proceedings : 

New  Series,  vol.  vii.,  part  5.  *  8vo.     Dublin,  1892. 

Vol.  viii.,  parts  1  and  2,  April  and  Sept.,  1893. 

8vo.     Dublin,  1893. 
Scientific  Transactions : 

Series  II.,  vol.  iv.,  part  14,  Nov.,  1892. 

(Including  Title-page  and  Contents  to  vol.  iv.) 

Series  II.,  vol.  v.,  parts  1-4,  May  to  Dec,  1893. 

4to.     Dublin,  1893. 
Edinburgh.     Geological  Society. 

Transactions :  Vol  vi.,  part  5. 

Roll  and  list.  8vo.     Edinburgh,  1893. 

.     Royal  Society.  ■ 

Proceedings:  Vol.  xix.,  Nov.,  1891,  to  July,  1892. 

8vo.     Edinburgh,  1893. 
Falmouth.     Royal  Cornwall  Polytechnic  Society. 

Sixty-first  Annual  Report,  1893.      8vo.     Falmouth,  1893. 

Freiberg.     Jahrbuch  fiir  das  Berg-und  Huttenwesen  im  Konig- 
reiche  Sachsen  auf  die  Jahre,  1893  and  1894. 

8vo.     Freiberg,  1893-94. 

Halifax.     Geological  and  Polytechnic  Society  of  the  West  Riding 
of  Yorkshire. 
Large   portrait  of  Jas.  W.  Davis,  f.q.s.,  Secretary  of  the 
Society  (by  Mayall,  London). 

Halifax,  Yorkshire,  1894. 
India.     Geological  Survey  of  India. 
Records  :  Vol.  xxvL,  part  4,  1893. 

(Including  title  page  and  contents  for  vol.  xxvi.) 
„  Vol.  xxvii.,  parts  1-3,  1894. 

Royal  8vo.     Calcutta,  1893-94. 
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India.     Palffiontologia  Indica. 
Series  ix.,  vol.  2,  part  1. 

4to.     Calcutta  and  London,  1893. 

.  MonograpL  A  Manual  of  the  Geology  of  India.  Strati- 
graphical  and  Structural  Geology.  2nd  edition,  revised 
and  largely  re-written  by  R.  D.  Oldham. 

Royal  8vo.     Calcutta  and  London,  1893. 

Iowa.     Geological  Survey. 

VoL  L     First  Annual  Report  for  1892. 

Imp.  8vo.     Des  Moines,  Iowa,  U.  S.  A.,  1893. 

Kansas.     Academy  of  Science. 

Transactions:  of  24th  and  25th  Annual  Meetings,  1891-92, 
vol.  xiiL  8vo.     Topeka,  Kansas,  1893. 

Leicester.     Literary  and  Philosophical  Society. 
Transactions  :  Kew  Quarterly  Series. 

VoL  iii.,  parts  3-5.     April  to  October,  1893. 

„     6-8.     January  to  July,  1894. 

(Including  Annual  Reports  for  1893  and  1894.) 

8vo.     Leicester,  1893-94. 

Liverpool.     Geological  Association. 

Journal:  Vol.  xiii.     Session,  1892-93. 

8vo.     Liverpool,  1893. 

London.  British  Association  for  the  Advancement  of  Science. 
Report  of  the  Sixty-third  Meeting,  held  at  Nottingham  in 
September,  1893.  8vo.     London,  1894. 

.     Geological  Society  of  London. 

List :  Nov.  Ist,  1893.  8vo.     London,  1893. 

Quarterly  Journal:  Vol.  xlix.,  part  4,  No.  196,  Nov.,  1893. 

„     1.,  parte  1-3,  Nos.  197-199. 

8vo.     London,  1893-94. 
February  to  August,  1894. 

.     Geologists'  Association. 

Proceedings  :  Vol.  xiii.,  parte  5-9,  Nov.,  1893,  to  Aug ,  1894. 
List  of  Members  and  Exchanges,  February,  1894. 

8vo.     London,  1893-94. 
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London.    London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 
Series  y.,  vol  xxxvi.,  Nos.  222  and  223.     November  and 
December,  1893. 

(Including  Title  and  Index  to  vol.  xxxvi) 
Series  v.,  vol.  xxxvii.,  No.  224-229,  January  to  June,  1894. 
Series  v.,  vol  xxxviiL    „     230-233,  July  to  October,  1894. 

8vo.     London,  1894.     Purchased, 

.     PalaBontographical  Society. 

Vol.  xlvii.  for  1893.         4to.     London,  1893.    Purchased. 

.     Royal  Society. 

Proceedings:   Vol.   liv.,  Nos.    327-330,   October,   1893,  to 

Februar}',  1894. 
Vol.  Iv.,  Nos.  331-335,  March  to  August,  1894. 
„     Ivi.,  Nos.  336  and  337,  September  Ist  and 
2l8t,  1894.  8vo.     London,  1893-94. 

.     Mines.     Report  of  C.  Le  Neve  Foster,  H.  M.  Inspector  of 

Mines  for  the  North  Wales  and  Isle  of  Man  District,  year 
1893.     Metalliferous  and  Slate  Mines  Act 

Folio.     London,  1894. 
[Presented  by  Dr.  C.  Le  Neve  Foster.] 

Manchester.     Geographical  Society. 

Journal :  Vol.  viii.,  No.  7-12,  July  to  December,  1892. 

„     ix.       „    7-9,  July  to  September,  1893. 

„     X.        „    1-3,  January  to  March,  1894. 

8vo.     Manchester,  1892-94. 
.     Geological  Society. 

Transactions:  Vol.  xxii.,  part  12,  Session  1892-93. 

VoL  xxii.,  parts  13-21,  Session  1893-94. 

8vo.     Manchester,  1893-94. 
Milwaukee.     Public  Museum. 

Eleventh  Annual  Report,  Sept.  1st,  1892,  to  Aug.  31st,  1893. 

8vo.     Milwaukee,  Wisconsin,  1893. 
Netherlands    India.     Jaarboek   van    bet    Mijnwezen    in   Neder- 
landsch  Oost  Indie  Uitgegeven  op  last  van  Zijni  Excellentie, 
den  Minister  Van  Kolonien.  23rd  year,  1894.  Technish-en 
Administratief  Tweede  Gedeelte. 

8vo.     Amsterdam,  1894. 
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Netherlands  India.     23rd  year,  1894.     Technisch-Administratief- 
en-Weten-schappelijk  Gedeclte.    8vo.  Amsterdam,  1894. 

Newcastle-upon-Tyne.     North  of  England  Institute  of  Mining  and 
Mechanical  Engineers. 
Transactions:  VoL  xlii.,  part  5.     Issued  January,  1894. 

(Including  Title-page  and  Contents  for  vol.  xliL) 
Vol.  xliii.,  part  2.     Issued  November,  1893. 
part  3.     Issued  January,  1894. 
part  4.     Issued  April,  1894. 
Royal  8vo.     Newcastle-upon-Tyne,  1893-94. 

.     Monograph  :  An  Account  of  the  Strata  of  Northumberland 

and  Durham,  as  proved  by  borings  and  sinkings.     S — T. 

Royal  8vo.     Newcastle-upon-Tyne,  1894. 

New  South  Wales.     Department  of  Mines. 

Records  of  the  Geological  Survey,  vol.  iv.,  part  I,  1894,  with 
index  to  vol.  iii.  4to.     Sydney,  1894. 

.     Royal  Society  of  New  South  Wales. 

Journal  and  Proceedings :  VoL  xxvii.  1893,  (including  Index). 

8vo.     Sydney,  1894. 

New  York.     American  Geographical  Society. 

Bulletin :  VoL  xxv.,  Nos.  3  and  4,  parts  1  and  2,  1893. 

(Including  Title-page  and  Contents  to  voL  xxv.) 
VoL  xxvi.,  Nos.  1,  2,  and  3,  March  to  Sept,  1894. 

8vo.     New  York,  1893-94. 

.     Academy  of  Sciences  (late  Lyceum  of  Natural  History). 

Annals:  Vol.  viL,  Nos.  6-12,  March,  1894. 

(Including  Index  and  Title-page  of  voL  vi.,  1891-92.) 
„        VoL  viiL     Nos   1-4,  July,  1893,  to  May,  1894. 

Royal  8vo.     New  York,  1893-94. 

New  Zealand.     Department  of  Mines. 

Reports  on  the  Mining  Industry  of  New  Zealand,  1893. 

Folio.     WeUington,  N.Z.     1893. 

North  Carolina.     Elisha  Mitchell  Scientific  Society. 

Journal :  Vol.  x.,  parts  1  and  2,  Jan.  to  Dec,  1893. 

8vo.     Raleigh,  N.C.,  1893. 
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Paris.     Ecole  des  Mines. 

Annales  des  Mines :  S^rie  iz.,  tome  iv.,  liv.  9-12. 

8vo.     Paris,  1893. 
„  „  „     v.,  liv.  1-6. 

Svo.     Paris,  1894. 
„  „  „     vi.,  Uv.  7-9. 

8vo.     Paris,  1894. 

Penzance  Library,  Supplementary  Catalogue  of  Books  in. 

Compiled  by  John  Sweet  Doidge.     8vo.     Penzance,  1893. 

.     Natural  History  and  Antiquarian  Society. 

Report  and  Transactions :  1893-94.  8vo.  Plymouth,  1894. 

Philadelphia.     Academy  of  Natural  Sciences. 

Proceedings :  Parts  2  and  3,  April  to  December,  1893. 

(Including  Title-page  and  Index  to  vol.  for 
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.     American  Philosophical  Society. 
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(Including  Title-page  and  List  for  vol.  xxxi.) 
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In  the  Library  the  services  of  Mr.  J.  S.  Doidge  have  been  veij 
valuable,  and  the  Council  desire  to  recommend  him  for  eleetum 
as  an  Associate  of  this  Society. 

A  large  number  of  volumes  have  been  added  to  the  libraiy 
shelves  during  the  present  year,  and  the  binding  has  been  brongbt 
well  up  to  dat«.  Particulars  of  numerous  donations  and  parcbases 
will  be  found  in  the  Report  of  the  Librarian. 

Several  interesting  specimens  have  been  added  to  the  Society's 
Museum,  and  one  collection  of  particular  value  is  that  of  the  late 
Mr.  Thomas  Cornish,  many  years  an  active  member  of  this  Society, 
presented  by  his  sons,  Messrs.  T.  H.  and  J.  £.  Cornish,  upon  tbe 
imderstanding  that  the  collection  shall  be  kept  together.  A  list  of 
the  acquisitions  of  the  past  twelve  months  will  be  found  in  the 
Report  of  the  Curator.  The  Council  desire  to  acknowledge  the 
continued  kindness  of  Mr.  J.  H.  Collins  in  investigating  and 
making  available  for  study  the  interesting  collection  of  Comiah 
fossils,  preserved  in  the  lower  Museum. 

One  of  our  Honorary  Members,  Mr.  William  Pengelly,  p.r.8., 
of  Torquay,  already  alluded  to  in  the  Address  of  the  President, 
has  passed  away  since  we  last  met;  and  further  it  is  with  very 
sincere  regret  that  the  Council  have  to  record  the  loss  of  one  of 
their  number — Mr.  Martin  Magor,  of  this  town — who  for  many 
years  was  a  member  of  the  Society,  and  one  of  the  mi*8t  regular 
attendants  at  its  meetings.     He  was  present  at  the  last  Annual 

I 

Meeting,  on  the  10th  November,  1893,  and  died,  after  a  very  short 
illness,  on  the  19  th  December  following. 

Recently  also  the  caretaker  of  these  rooms,  as  well  as  of  the 
Municipal  and  Public  Buildings  Company's  portions  of  the  united 
block  of  build ingp,  has  been  removed  by  death,  and  it  became  the 
duty  of  the  Council  to  consider  the  position,  especially  with  regard 
to  the  well-being  of  this  Society.  At  a  Special  Meeting  of  the 
Council,  held  on  the  4th  October  last,  it  was  resolved  that, 
recognising  the  desirability  of  a  resident  official,  the  Council 
recommend  that  notice  be  given  to  the  Corporation  and  Public 
Buildings  Company  of  the  intention  of  the  Royal  Geological 
Society  of  Cornwall  to  terminate  the  present  housekeeping 
arrangements  at  Christmas,  and  that  at  the  Annual  Meeting  a 
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During  the  past  year  the  following  specimens  have  been  added  to  the 
Society's  Museum : 


NAHB  AND  LOOALITT. 

From  Trevone. 
Favosites  sp.    2  specimens 
Amplexus  sp. 

Pachypora  sp.  2  specimens 
Orthoceras  sp.  3  specimens 
Bactrites  Budesheimensis 

„        sp.    3  specimens 
Goniatites  (Tomoceras)  simplex 
Tomoceras  sp.    2  specimens 
Anarcestes,  c/f  A.  latiseptatus 

„         sp.    3  specimens 
Mimoceras  compressus.    Beyrich 
Agoniatites  transitorius,  near  to 
Centronella  or  Cryptonella  sp.   . 
Euomphalus  sp. 
Tentaculites 
Styliolae,  identified  by  T.  Rupert  Jones,  f.r.8 
Cardiola  retroetriata  (Cardium  palmatum) 
Bivalve,  not  determined 
Trilobite,  c/f  Phacops  (Trimocephalus)  Issvis 

„        Phacops?     . 
Nest  of  Crinoidal  fragments  iii  shale     . 
Part  of  plate  of  Ganoid  Fish     , 
Fucoids  ? 

From  South  of  Dinas  Headj  Booby  Bay,  and 
Congtantine  Bay, 

Pachypora  sp.  (palmate) 
Zaphrentis?. 

2  s  2 


DONOR. 


"  Howard  Fox,  Esq. 
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Orthoceras  sp.    3  specimenB 

„  Cochleiferum,  allied  to 

Goniatites  (Anarcestes)  Noeggerathi,  near  to 

3  specimens 
Agoniatites  sp. 
Tomoceras  globosuB 

Cardiola  retrostriata  (Cardiom  palmatum) 
Tentaculites 

Centronella,  or  Cryptonella  sp.  , 
Trilobite,  part  of  head 
Conularia  sp.    3  specimens 

Fr(m''MarhU  Cliff$:' 
Limestone   showing  Grinoidal    remains   on 
weathered  surface    .  ... 

Soda  rock  from  Dinas  Head  with  spherulites. 
Interbanded  limestone  and  chert  from  Cata- 

Soda  rock  from  Cataclews 

Soda  rock  from  Roundhole  Point 

Crinoidal  and  other  organic  remains  from 
black  shales  of  Gidley  Well  District, 
Veryan      .  .  ... 

Portion  of  supposed  fossil  tree  or  nodule, 
16  ft.  X 1  ft.  X  4  ft,  from  Mr.  Tellam  . 

Fossil  fish  or  nodule,  12  inches  x  8  x  4^  inches 

Specimen  mentioned  in  Mr.  Tellam's  letter 
Oct.  1st,  in  which  the  casts  of  the  scale- 
like markings  are  seen  on  the  overlying 
shales        .  .  .  .        . 

Nodule  from  which  Dr.  Hinde's  microscopic 
section  was  cut         .  .  .        . 


DONOR. 


^  Howard  Fox,  Esq. 


J 


A  series  of  mineralogical  and  other  specimens  ^     Thomas  Henry  and 
collected  by  the  late  Thomas  Cornish,  Esq.  /  John  B.  Cornish,  Eeqs. 


Specimens  in  illustration  of  paper 


F.  J.  Stephens,  Esq. 
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3»"iiiipr  3o.,  CoidkhLj-    3y  P.  HI  Vm  E'utaL     RdoiI'^'cL 
•2a.  L  Ifl):;. 

•jti  •uift  y-imiR  if  :ne  ♦ZTiffmirai.  ELeneiiEBL  SLci.  ?m«e. 
Toft  Diacrihurifiii  if  :ai»  Aztimii:  W-ataua.  By  inus.  S. 
?umj*c  Pj.  D.     Read  Xov.  •icnL  I^i3. 

2fru!kiiL  Fust  p*g#»r.  His&ccal  Ski?r*ii.  By  W.  L 
Aaacn,  Ph.  D.     R-^i  I-^  4du  I'^US. 

yiiikisL :  The  ♦I>»!P.Tirr»aap-  ♦iioiocfcal  LKscribarfon.  azid 
O-mesia  ■:€   ita  'Jtit  Depoaataw     By  FhrlTp  Argall     E«i 

Ht  F.-ii».  T.  Fr*eI;injL     E«?a»:  r»^:.  4di,  l>'i5- 

Thft  '^-^f^ti-  n  of  i  StAn^iar'i  of  Vilnt?.     Vi.-e-Presi'i^ctiil 

A  i.irPA^.     By  « ».  J.  Fr.>*t.     Rea»:  l)^.  ISth,  15<>.\ 

Tlift  M'>ie  of  <>:m;rTen«:e  ^f  GoM  in  the  •>!«*  of  the 
Cnprlfr  Creek  I)i'ithow  Bj  I>r.  Ed.  Pearce,  IVnver, 
Colorado.     Read  Jan.  8th,  1>'^4. 

The  .Sanitarv  Cliemical  Character  of  some  of  the  Anej^ian 
\VateT3  of  Denver.  By  Prof.  W.  C.  Strong.  Read 
May  7th,  1>04. 

Further  Notes  on  Cripple  Creek  On?&  By  Dr.  Rd. 
iVarce.     Read  April  5th,   1894. 

Geology  of  the  Cripple  Creek  Gold  Mining  District, 
Colorado.     By  Whitman  Cross,  Ph.  D. 

Tlie  Ore  Defiosits  of  Cripple  Creek,  Colorado.  By  R.  H. 
F.  Penrose,  junr.     Read  June  4th. 

8vo.     Denver,  1893-94. 


ON   RAISED   BEACHES. 

By  Edward  A.  Wunsch,  p.g.s. 

(Read  at  the  Joint  Meeting  of  the  Scientific  Societies  of  Ck>rnwall,  at  Penance, 

15th  June,  1894.) 


If  1  were  asked  to  describe  in  general  terms  the 
aspect  of  Raised  Beaches  to  one  not  previously 
acquainted  with  the  subject  I  would  refer  him,  for 
a  convenient  model,  to  a  frozen  pond  with  a  level 
surface  of  ice  all  over.  If  by  means  of  a  sluice  the 
water  could  be  lowered  one  or  two  feet  the  sheet 
will  sink  down  to  the  lower  level,  and  will  abruptly 
break  off  at  the  edges,  leaving  a  jagged  fringe  all 
round  the  border  of  the  pond.  This,  on  a  larger 
scale,  is  exactly  what  is  represented  by  the  remnants 
of  a  former  sea-beach,  some  thirty  feet  above  the 
present  sea-level,  and  extending  in  patches  all  along 
the  southern  peninsula  as  well  as  farther  up  north. 

A  general  description  of  a  typical  Raised  Beach 
by  Mr.  Pengelly  is  as  follows  : 

"  By  a  raised  beach  is  meant  an  accumulation  of  sand  or 
gravel  or  both,  aggregated  by  the  waves,  with  or  without 
imbedded  shells,  unconnected  with  the  existing  tidal  strand 
and  at  some  height  above  the  reach  of  the  most  violent 
waves,  even  at  the  high  water  of  equinoctial  spring  tides. 
Such  beaches  are  evidence,  of  course,  of  a  change  in  the 
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Netherlands  India.     23rd  year,  1894.     Technisch-Administratief- 
en-Weten-schappelijk  Gedeelte.    8vo.  Amsterdam,  1894. 

Newcastle-upon-Tyne.     North  of  England  Institute  of  Mining  and 
Mechanical  Engineers. 
Transactions:  Vol.  xlii.,  part  5.     Issued  January,  1894. 

(Including  Title-page  and  Contents  for  voL  xlil) 
Vol.  xliii.,  part  2.     Issued  November,  1893. 
part  3.     Issued  January,  1891. 
part  4.     Issued  April,  1894. 
Royal  8vo.     Newcastle-upon-Tyne,  1893-94. 

.     Monograph  :  An  Account  of  the  Strata  of  Northumberland 

and  Durham,  as  proved  by  borings  and  sinkings.     S — T. 

Royal  8vo.     Newcastle-upon-Tyne,  1894. 

New  South  Wales.     Department  of  Mines. 

Records  of  the  Geological  Survey,  vol.  iv.,  part  I,  1894,  with 
index  to  vol.  iii.  4to.     Sydney,  1894. 

.     Royal  Society  of  New  South  Wales. 

Journal  and  Proceedings :  Vol.  xxvii.  1893,  (including  Index). 

8vo.     Sydney,  1894. 

New  York.     American  Geographical  Society. 

Bulletin :  Vol.  xxv.,  Nos.  3  and  4,  parts  1  and  2,  1893. 

(Including  Title-page  and  Contents  to  vol.  xxv.) 
Vol.  xxvi.,  Nos.  1,  2,  and  3,  March  to  Sept,  1894. 

8vo.     New  York,  1893-94. 

.     Academy  of  Sciences  (late  Lyceum  of  Natural  History). 

Annals:  Vol.  vii.,  Nos.  6-12,  March,  1894. 

(Including  Index  and  Title-page  of  vol.  vi.,  1891-92.) 
„        VoL  viii.     Nos   1-4,  July,  1893,  to  May,  1894. 

Royal  8vo.     New  York,  1893-94. 

New  Zealand.     Department  of  Mines. 

Reports  on  the  Mining  Industry  of  New  Zealand,  1893. 

Folio.     Wellington,  N.Z.     1893. 

North  Carolina.     Elisha  Mitchell  Scientific  Society. 

Journal :  Vol.  x.,  parts  1  and  2,  Jan.  to  Dec,  1893. 

8vo.     Raleigh,  N.C.,  1893. 


Librarians  Report.  599 

Paris.     Ecole  des  Mines. 

Annales  des  Mines :  S^rie  iz.,  tome  iv.,  liv.  9-12. 

8vo.     Paris,  1893. 
„  „  „     v.,  liv.  1-6. 

Svo.     Paris,  1894. 

„  „         „    VI.,  liv.  7— y. 

Svo.     Paris,  1894. 

Penzance  Library,  Supplementary  Catalogue  of  Books  in. 

Compiled  by  John  Sweet  Doidge.     8vo.     Penzance,  1893. 

.     Natural  History  and  Antiquarian  Society. 

Report  and  Transactions :  1893-94.  8vo.  Plymouth,  1894. 

Philadelphia.     Academy  of  Natural  Sciences. 

Proceedings :  Parts  2  and  3,  April  to  December,  1893. 

(Including  Title-page  and  Index  to  vol.  for 
1893.) 
Part  1,  January  to  April,  1894. 

Royal  8vo.     Philadelphia,  1893-94. 

.     American  Philosophical  Society. 

Proceedings :  Vol.  xxxi.,  No.  142,  July  to  December,  1893. 

(Including  Title-page  and  List  for  vol.  xxxi.) 
Vol.  xxxiii..  No.  144,  January,  1894. 

8vo.     PhUadelphia,  1893-,94. 

Pisa.     Society  Toscana  di  Scienze  Naturali. 

Memorie  :  Vol.  xii.  Royal  8vo.     Pisa,  1893. 

Vol.  xiii.  „  „     1894. 

Processi  Verbali :  Vol.  ix.,  pp.  63-132,  March  to  May,  1894. 

8vo.     Pisa,  1894. 
Rio  de  Janeiro.     Museu  Nacional. 

Archivos  do  Museu  Nacional  do  Rio  de  Janeiro. 

Vol.  viii.  4to,     Rio  de  Janeiro,  1892. 

Vienna.     K.K.  Geologischen  Reichsanstalt. 
Verhandlungen :  Nos.  11-18,  1893. 

(Including  Title-page  and  Index  for  vol. 
1893.)         Royal  8vo.    Wien,  1893. 
Nos.  1-9,  1894.         „  „      1894. 

VOL.  XT.  2  S 


590      Royal  Geological  Society  of  Coi^nwalL 

In  the  Library  the  services  of  Mr.  J.  S.  Doidge  have  been  toj 
valuable,  and  the  Council  desire  to  recommend  him  for  election 
as  an  Associate  of  this  Society. 

A  large  number  of  volumes  have  been  added  to  the  Library 
shelves  during  the  present  year,  and  the  binding  has  been  brought 
well  up  to  dat«.  Particulars  of  numerous  donations  and  purchases 
will  be  found  in  the  Report  of  the  Librarian. 

Several  interesting  specimens  have  been  added  to  the  Society's 
Museum,  and  one  collection  of  particular  value  is  that  of  the  late 
Mr.  Thomas  Cornish,  many  years  an  active  member  of  this  Society, 
presented  by  his  sons,  Messrs.  T.  H.  and  J.  £.  Cornish,  upon  the 
understanding  that  the  collection  shall  be  kept  together.  A  list  of 
the  acquisitions  of  the  past  twelve  months  will  be  found  in  the 
Report  of  the  Curator.  The  Council  desire  to  acknowledge  the 
continued  kindness  of  Mr.  J.  H.  Collins  in  investigating  and 
making  available  for  study  the  interesting  collection  of  Cornish 
fossils,  preserved  in  the  lower  Museum. 

One  of  our  Honorary  Members,  Mr.  William  Pengelly,  p.r.8., 
of  Torquay,  already  alluded  to  in  the  Address  of  the  President, 
has  passed  away  since  we  last  met;  and  further  it  is  with  very 
sincere  regret  that  the  Council  have  to  record  the  loss  of  one  of 
their  number — Mr.  Martin  Magor,  of  this  town — who  for  many 
years  was  a  member  of  the  Society,  and  one  of  the  most  regular 
attendants  at  its  meetings.  He  was  present  at  the  last  Annual 
Meeting,  on  the  10th  November,  1893,  and  died,  after  a  very  short 
illness,  on  the  19th  December  following. 

Recently  also  the  caretaker  of  these  rooms,  as  well  as  of  the 
Municipal  and  Public  Buildings  Company's  portions  of  the  united 
block  of  buildingp,  has  been  removed  by  death,  and  it  became  the 
duty  of  the  Council  to  consider  the  position,  especially  with  regard 
to  the  well-being  of  this  Society.  At  a  Special  Meeting  of  the 
Council,  held  on  the  4th  October  last,  it  was  resolved  that, 
recognising  the  desirability  of  a  resident  official,  the  Council 
recommend  that  notice  be  given  to  the  Corporation  and  Public 
Buildings  Company  of  the  intention  of  the  Royal  Geological 
Society  of  Cornwall  to  terminate  the  present  housekeeping 
arrangements  at  Christmas,  and  that  at  the  Annual  Meeting  a 
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resolution  be  submitted  embodying  tbe  terms  and  conditions 
on  which  a  housekeeper  should  be  appointed.  This  resolution 
was  confirmed  at  a  later  Special  Meeting  of  the  Council  (16th 
October),  and  the  question  is  now  laid  before  you. 

In  conclusion,  the  Council  desire  to  recommend  for  election,  as 
Ordinary  Members  of  this  Society,  Messrs.  David  Howell,  of 
Kosehill,  and  George  PauUe  Bazeley,  of  Penzance. 

GEORGE  BOWN  MILLETT, 

Secrbtary  and  Curator. 
Penvince^  2nd  Nov.  y  1894. 


LIBRARIAN'S  REPORT. 

From  Mot.  lft»  1898^  to  Oot.  Sltt,  1884. 


Thb  following  works  have  been  added  to  the  Library  during 
the  year: 

L    TRANSACTIONS,   JOURNALS,  AND  REPORTS. 

PreaefUed  by  the  respective  Soeietiea,  Editors,  and  other  Donors, 

orpurehaaed, 

Adelaide.     South  Australian  School  of  Mines  and  Industries,  and 
Technological  Museum. 
Fifth  Annual  Report,  1893.  8vo.     Adelaide,  1894. 

Boston.     American  Academy  of  Arts  and  Sciences. 

Proceedings  :  New  Series,  vol.  xx.    May,  1892,  to  May,  1893. 

Royal  8vo.     Boston,  1893. 
Bristol.     Naturalists'  Society. 

Proceedings :  Ne<v  Series,  vol.  vii.,  part  3,  1893-94. 

8vo.     Bristol,  1894. 
List  of  Officers,  &c.  8vo.     Bristol,  1894. 

California.     State  Mining  Bureau. 

Eleventh  Annual  Report  of  the  State  Mineralogist,  Wm. 
Irelan,  jun.  (First  Biennial.)  Two  years  ending  Sept 
15th,  1892,  with  separate  maps.     8vo.     Sacramento,  1893. 

Canada.     Canadian  Institute,  Toronto. 

Transactions:  Vol.  iii.,  part  2,  September,  1893  (including 
Title-page  and  Contents  of  vol.  iii.) 

Royal  8vo.     Toronto,  1893. 
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Canada.     Canadian  Institute,  Toronto. 

Transactions :  VoL  iv.,  part  1,  March,  1894. 

Royal  8vo.     Toronto,  1894. 

Fifth  Annual  Report,  Session  1892-93. 
Seventh  Annual  Report,  Session  1893-94. 

Being  an  Appendix   to  the  Report  of  the   Minister  of 
Education,  Ontario. 

Royal  8vo.     Toronto,  1893-1894. 

.     Geological  and  Natural  History  Survey. 

Paleeozoic  Fossils.  By  E.  Billings,  Palaeontologist  G.S.C. 
Vol.  ii.,  part  1.  Royal  8vo.     Montreal,  1874. 

Catalogue  of  Canadian  Plants.  Part  5,  Acrogens.  By  John 
Macoun.  Royal  8vo.     Montreal,  1890. 

Catalogue  of  Canadian  Plants.  Part  6,  Musci.  By  John 
Macoun.  Royal  8vo.     Montreal,  1892. 

Contributions  to  the  Micro-Palaeontology  of  the  Cambro- 
Silurian  Rocks  of  Canada.     By  Arthur  H.  Foord. 

Royal  8vo.     Ottawa,  1883. 

List  of  Publications  of  the  Geological  and  Natural  History 
Survey  of  Canada.  Royal  8vo.     Montreal,  1889. 

Annual  Report  for  the  years  1890-91.  New  Series, 
vol.  v.,  parts  1  and  2,  with  plates  and  maps  (in  cover.) 
By  A.  R.  C.  Selwyn.  8vo.     Ottawa,  1893. 

Catalogue  of  a  Stratigraphical  Collection  of  Canadian 
Rocks  prepared  for  the  World's  Columbian  Exposition, 
Chicago,  1893.  By  Walter  F.  Ferrier,  Lithologist  to  the 
Survey.  Royal  8vo.     Ottawa,  1893. 

.     Royal  Society  of  Canada. 

Proceedings  and  Transactions  for  1893,  vol.  xi. 

4to.     Ottawa,  1894. 
Cincinnati.     Society  of  Natural  History. 

Journal :  VoL  xvi.,  Nos.  2  and  3.     July  to  October,  1893. 
„  No.  4.  January,  1894. 

(Including  Title-page  and  Contents  for  vol.  xvi.) 

8vo.     Cincinnati,  1893-94. 
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OrtlioceraB  sp.    3  specimenB 

„  Cochleiferuin,  allied  to 

Goniatites  (Anarcestes)  Noeggerathi,  near  to. 

3  specimens 
Agoniatites  sp. 
Tomoceras  globosus    . 
Cardiola  retrostriata  (Cardiom  palmatum) 
Tentaculites 

Centronella,  or  Ciyptonella  sp. 
Trilobite,  part  of  head 
Conularia  sp.    3  specimens 

Fr(m''MarhU  Cliff9, 
Limestone   showing  Crinoidal 
weathered  surface    . 


DONOR. 


» 


remains   on 


Soda  rock  from  Dinas  Head  with  spherulites. 

Interbanded  limestone  and  chert  from  Cata-  \  Howard  Fox,  Esq. 

Clears         .  •  ... 

Soda  rock  from  Cataclews 
Soda  rock  from  Roundhole  Point 
Crinoidal  and  other  organic  remains  from 

black    shales   of    Qidley   Well    District, 

Veryan     .  ... 

Portion  of   supposed  fossil  tree  or  nodule, 

16  ft.  X 1  ft.  X  4  ft,  from  Mr.  Tellam  . 
Fossil  fish  or  nodule,  12  inches  x  8  x  4^  inches 
Specimen  mentioned  in  Mr.  Tellam's  letter 

Oct.  1st,  in  which  the  casts  of  the  scale- 
like markings  are  seen  on  the  overlying 

shales        .  .  ... 

Nodule  from  which  Dr.  Hinde's  microscopic 

section  was  cut        .  ... 


J 

A  series  of  mineralogical  and  other  specimens  ^ 
collected  by  the  late  Thomas  Cornish,  Esq.  / 

Specimens  in  illustration  of  paper 


Thomas  Henry  and 
John  B.  Cornish,  Esqs 

F.  J.  Stephens,  Esq. 
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Dorpat      Naturforscher  Gesellschaft 

Archiv  fiir  die  Naturkunde  liv-,  £hst-und  Kurlands. 
Scrie  2,  Band  x.,  lief  3,  1893. 
„      2      „      X.,  lief  4,  1894.  8vo.  Dorpat,  1893-1894. 

.     Sitzungsberichte :  Band  x.,  heft  2,  1893. 

8vo.     Dorpat,  1894. 
Dublin.     Royal  Dublin  Society. 

Scientific  Proceedings : 

New  Series,  voL  vii.,  part  6.  *  8vo.     Dublin,  1892. 

Vol.  viii.,  parts  1  and  2,  April  and  Sept.,  1893. 

8vo.     Dublin,  1893. 
Scientific  Transactions : 

Series  II.,  voL  iv.,  part  14,  Nov.,  1892. 

(Including  Title-page  and  Contents  to  vol.  iv.) 

Series  II.,  vol.  v.,  parts  1-4,  May  to  Dec,  1893. 

4to.     DubUn,  1893. 
EdinburgL     Geological  Society. 
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ON    RAISED   BEACHES. 

By  Edward  A.  Wunsch,  f.o.b. 

(Read  at  the  Joint  Ueeting  of  the  Scientific  Societies  of  Cornwall,  at  Penance, 

15th  June,  1804.) 


If  1  were  asked  to  describe  in  general  terms  the 
aspect  of  Raised  Beaches  to  one  not  previously- 
acquainted  with  the  subject  I  would  refer  him,  for 
a  convenient  model,  to  a  frozen  pond  with  a  level 
surface  of  ice  all  over.  If  by  means  of  a  sluice  the 
water  could  be  lowered  one  or  two  feet  the  sheet 
will  sink  down  to  the  lower  level,  and  will  abruptly 
break  oflf  at  the  edges,  leaving  a  jagged  fringe  all 
round  the  border  of  the  pond.  This,  on  a  larger 
scale,  is  exactly  what  is  represented  by  the  remnants 
of  a  former  sea-beach,  some  thirty  feet  above  the 
present  sea-level,  and  extending  in  patches  all  along 
the  southern  peninsula  as  well  as  farther  up  north. 

A  general  description  of  a  typical  Raised  Beach 
by  Mr.  Pengelly  is  as  follows  : 

"  By  a  raised  beach  is  meant  an  accumulation  of  sand  or 
gravel  or  both,  aggregated  by  the  waves,  with  or  without 
imbedded  shells,  unconnected  with  the  existing  tidal  strand 
and  at  some  height  above  the  reach  of  the  most  violent 
waves,  even  at  the  high  water  of  equinoctial  spring  tides. 
Such  beaches  are  evidence,  of  course,  of  a  change  in  the 
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relative  level  of  sea  and  land,  and  are  ascribed  by  geologists 
to  an  upheaval  of  the  land,  not  a  depression  of  the  sea,  the 
level  of  the  latter  being  regarded  by  them  as  perhaps  one 
of  the  least  unstable  things  in  our  changing  world." 

Raised  Beaches  of  this  character  have  been 
examined  and  described  in  your  Transactions  by 
some  of  your  earliest  and  most  eminent  contributors^ 
Mr.  Came,  Miss  Carne,  Mr.  Henwood,  and  others, 
and  the  volumes  of  your  Society  have  remained  a 
storehouse  for  all  other  writers  on  the  same  subject 
to  draw  upon.  With  all  this  lavishness  of  re^search 
and  illustration  it  must  however  be  confessed  that 
no  definite  conclusions,  no  generalisations  applicable 
to  the  genesis  of  all  sea-beaches  alike,  have  been 
arrived  at  by  these  earlier  investigators. 

This  may  in  a  great  measure  be  due  to  the  fact 
that  the  glacial  theory,  and  the  effects  produced  by 
glaciation  in  the  British  Isles,  were  utterly  unknown 
to  Buckland  in  1836,  by  whom  all  appearances  pro- 
duced by  it  were  described  under  the  vague  generic 
name  of  diluvium;  and  only  in  1841,  Professor 
Agassiz,  then  on  a  visit  to  Scotland,  pointed  out  to 
Scottish  geologists  the  true  glacial  character  of  their 
own  country  and  of  the  northern  districts  in  England 
Add  to  this  that  the  farther  we  proceed  south  the 
less  clearly  traceable  are  these  signs  of  glaciation, 
until  in  our  own  district  it  remains  an  open  question 
whether  actual  ice  masses  covered  the  country,  or 
whether  simply  an  excessively  rigorous  climate,  with 
severe  winters  breaking  up  the  soil  and  rocks,  caused 
a  more   extensive   denudation   of  the   surface,  and 
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carried  down  to  lower  levels  and  into  the  seashore 
those  extensive  masses  of  clay,  sand,  gravel,  and 
boulders  which  now  overlie  all  our  raised  beaches, 
and  figure  in  our  geological  literature  under  the 
name  of  "Head."  The  late  Mr.  Nicholas  Whitley, 
by  his  correct  surveys  and  exact  description,  has 
done  much  to  popularise  this  subject.  His  various 
papers  are  so  exact  and  so  easily  accessible  in  the 
Transactions — both  of  the  Penzance  and  Truro 
Societies — that  I  need  not  enter  into  details  here, 
beyond  stating  that  in  spite  of  his  own  personal 
proclivity  to  seek  the  explanation  of  all  phenomena 
in  glacial  agency,  geologists  remain  as  much  divided 
as  ever  as  to  the  true  cause  of  these  appearances. 

The  most  complete  and  comprehensive  investi- 
gation of  the  subject  has  undoubtedly  been  made  by 
Professor  Prestwich,  and  his  enumeration  of  the 
various  causes  assigned  is  as  follows : 

1.  The  wash  of  the  surface  debris  by  excessive 
annual  rainfalls,  during  an  elevation  of  land  accom- 
panied by  glacial  conditions. 

2.  The  agency  of  ice  and  water  sliding  down  the 
hill-slopes,  and  the  effect  of  running  water  carried 
therein. 

3.  A  wave  of  translation  or  a  cataclysm  caused 
by  earthquake  movements  in  the  central  area. 

4.  Fluvial  and  torrential  action  during  a  period  of 
great  cold,  aided  by  floating  ice. 

5.  Subserial  action  in  part. 

Here  is  a  great  assortment  of  causes  to  choose 
from,  but  the   Professor  is   satisfied  with   none   of 
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these  himself,  and  adds  one  of  his  own,  which  in  its 
turn  has  failed  to  give  satisfaction  to  his  biother 
geologists.  Professor  Prestwich  s  speculation  i&  tiat 
this  confused  mass  of  "  Head "  or  rubble-drift  may 
have  been  piled  up  by  the  tumultuous  action  of  the 
sea-waves,  tumbling  in  upon  land  that  had  suffered 
a  sudden  depression  and  had  afterwards  been  le- 
elevated. 

From  these  conflicting  opinions  it  is  refreshing  to 
turn  to  the  thoroughly  practical  and  scientific  work 
of  Mr.  W.  A.  E.  Ussher,  of  the  Geological  Survey, 
whose  Post'tertiary  Geology  of  Cornwall^  published 
in  1879,  gives  us  a  connected  sketch  of  events,  and 
a  foundation  upon  which  to  build  further  conclusions. 
Mr.  Ussher  shows  that  the  Raised  Sea-beaches  farther 
up  the  Channel  from  Portland  Bay  forward,  and  the 
clay  and  gravel  surrounding  them,  are  found  to  be 
studded  with  boulders  of  red  granite  and  other 
hard  crystalline  rocks  entirely  foreign  to  the  district ; 
similar  rocks  are  found  on  the  opposite  shore  of 
Brittany  embedded  in  a  similar  manner,  and  the 
only  agency  by  which  we  can  imagine  them  to  have 
been  brought  there  is  that  of  ice.  Corresponding 
rocks  in  sitA  are  found  in  Norway  only,  and  the 
inference  is  that  they  were  brought  thence  by 
icebergs  or  icefloes,  drifting  down  into  our  lower  and 
comparatively  warmer  latitudes,  to  be  stranded  in 
our  shallow  waters  and  deposited  as  we  now  find 
them. 

We  must  hence  refer  the  age  of  our  Raised  Beaches 
to  the  later  stages  of  the  glacial  period,  and  with 
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his  great  northern  drift,  with  its  heavier  burden 
ihecked  by  and  deposited  in  front  of  the  Isle  of 
iVight  and  Portland  Bay,  we  must  connect  the 
jflfects  of  the  same  drift  farther  westwards,  by  means 
)f  which,  and  by  ground  ice  and  local  icefloes,  the 
lispersion  and  extensive  distribution  of  flinty  so 
lonspicuous  in  all  southern  beaches,  and  extending 
iven  as  far  as  the  Scilly  Isles,  can  alone  be  accounted 
or.  For  all  this  very  prolonged  periods  must  have 
)een  required,  various  oscillations  of  the  relative 
evels  of  land  and  sea  must  have  taken  place,  until 
kt  last  through  all  these  changes  we  grope  our  way 
>n  to  the  Elephant  Beds  of  Brighton,  and  intermixed 
with,  these  to  the  first  traces  of  Man.  In  higher 
lorthern  latitudes,  as  in  Scotland  and  Scandinavia, 
tnd  the  corresponding  latitudes  in  North  America, 
he  traces  of  glacial  action  are  so  conspicuous  and 
emain  so  fresh  as  to  leave  no  doubt  on  the  mind  of 
he  observer ;  but  on  our  southern  coast  these  traces, 
LS  far  as  land  surfaces  and  coast  contours  are  con- 
lerned,  appear  to  have  almost  entirely  vanished, 
.nd  denudation  by  subserial  agencies  must  be  the 
hief  factor  to  explain  present  appearances. 

Accordingly  we  find  that  all  local  observers  dwell 
ipon  the  fact  that  all  these  accumulations  of  "  Head  " 
>r  rubble  drift,  no  matter  how  massive,  are  entirely 
\i  local  origin,  derived  from  the  immediately 
adjoining  rock  or  soil,  and  that  this  detritus  extends 
lot  only  seawards,  but  is  found  on  the  slopes  of 
tills  all  round  and  in  all  valleys  except  where 
coured  out  by  the  action  of  water. 
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While  the  land  stood  at  such  a  high  levd  as  to 
admit  of  the  growth  of  forests  now  sabmeiged 
beneath  the  sea,  the  lower  valleys  with  their  tin 
streams  would  naturally  extend  futher  seaward,  and 
thus  be  overlain  by  forest  growth. 

In  conclusion  I  may  say  then  that  the  scope  for 
obser\'ation  aU  round  us  remains  as  large  as  ever; 
the  question  as  to  the  origin  of  our  Raised  Sea- 
beaches,  and  of  the  overlying  rubble  drift,  and  of 
the  varied  and  interesting  contents  of  botii,  is  by 
no  means  exhausted  yet. 


SOME  RECENT  DEVELOPMENTS  OF 
TECHNICAL  EDUCATION. 

Bt  Frbdbrick  J.  Bowles. 

(BMd  at  the  Joint  Meeting  of  the  Scientifle  BoeletieB  of  Ckmwall,  at  Pensance, 

15th  June,  1894.) 


I  FEEL  sure  that  I  need  offer  no  apology  or  explana- 
tion for  the  title  I  have  chosen  for  my  paper,  though 
I  am  well  aware  that  I  have  neither  the  time  nor  the 
capacity  to  deal  with  it  at  all  fully. 

As  however,  I  understand  that  a  discussion  will  be 
invited,  I  may  hope  that  when  I  have  finished  others 
will  take  up  the  subject,  and  thus  we  may  be  enabled 
to  give  a  fair  consideration  to  the  question  I  desire  to 
commence  with,  which  is — *'  What  attitude  ought  the 
members  of  our  County  Societies  to  take  towards  the 
recent  developments  of  Technical  Education  ? " 

Before  we  can  attempt  an  answer,  we  must  briefly 
review  the  enormous  changes  that  have  happened  in 
regard  to  the  elementary  education  of  the  people, 
since  our  societies  were  established. 

The  Royal .  Geological  Society  of  Cornwall  was 
founded,  I  am  told,  in  1814;  The  Royal  Institution 
in  1818;  The  Mining  Association  and  Institute  in 
1854;  and  the  Royal  Cornwall  Polytechnic  Society 
in  1833. 
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So  that  the  youngest  of  the  societies  represented 
here  to-day  has  attained  to  forty  years,  whilst  its 
eldest  sister  is  just  eighty  years  old. 

This  period  has  been  probably  the  most  eventful 
and  progressive,  from  a  scientific  and  educational  point 
of  view,  that  the  world  has  ever  known,  and  we  may 
reasonably  stop  a  minute  or  two  to  consider  the  great 
difierences  between  now  and  then,  and  ask  how  far 
they  have  afiected  our  special  aims  and  objects. 

When  the  Royal  Geological  Society  of  Cornwall 
was  founded,  the  education  of  the  great  masses  of 
the  people  was  not  in  any  way  recognised  as  a 
proper  object  for  support  or  control  by  Government 
Departments.  Boards,  Committees,  and  Inspectors 
were  alike  unknown.  Here  and  there  were  to  be 
found  British  or  National  Schools,  worked  on  the 
principles  of  Joseph  Lancaster  or  Dr.  Bell  respectively, 
and  as  the  former  of  these  pioneers  of  elementary 
education  was  a  member  of  the  Society  of  Friends, 
it  is  not  surprising  to  find  that  through  the  energy 
of  members  of  that  body,  Cornwall  was  one  of  the 
first  counties  to  adopt  his  system.  Falmouth  had  a 
Church  School  as  early  as  1809,  and  its  British  School 
was  established  in  1812. 

It  was  not,  however,  until  1834  that  the  first 
Government  grant  was  made  for  elementary  education, 
and  then  it  only  reached  £20,000  for  the  whole  of 
Great  Britain. 

Last  year  the  total  vote  exceeded  JB4, 000,000  for 
Elementary  Education  in  England  alone,  besides  large 
sums  for  Scotland  and  Ireland,  and  further  votes  for 
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Intermediate  and  Secondary  Education,  and  instruction 
in  Science  and  Art,  making  a  total  contribution  from 
the  Imperial  Exchequer  for  the  whole  of  the  United 
Kingdom  of  nearly  £9,000,000,  exclusive  of  rates 
levied  by  School  Boards  and  Local  Authorities,  sub- 
scriptions in  aid  of  Voluntary  Schools,  sums  allocated 
to  Technical  Education  by  County  Councils  under 
the  Customs  and  Excise  Act  of  1890,  contributions 
from  the  Companies  of  the  City  of  London  through 
the  City  Guilds  Institution,  and  the  proceeds  of 
endowments  diverted  to  Technical  Education  by 
the  Charity  Commissioners ;  and  last,  but  by  no 
means  least,  the  ever-flowing  tide  of  private  munifi- 
cence  associated  with  such  names  as  Ferris,  and 
Passmore  Edwards,  in  Cornwall,  and  Whitworth, 
Owen,  Salt,  Armstrong,  and  others  too  numerous  to 
mention,  throughout  the  length  and  breadth  of  the 
land. 

I  believe  I  am  within  the  mark  when  I  say  that  a 
young  artizan  desirous  of  studying  mechanical  science 
say  in  Penzance,  Camborne,  or  Truro,  will  find  at 
least  eight*  public  bodies  anxious  to  help  and  reward 
him,  whilst  if  he  lived  in  London,  Birmingham,  or 
some  other  large  centre,  there  would  be  quite  a  dozen 
all  eagerly  stretching  out  their  hands,  and  with  well- 
filled  pockets  to  support  their  good  intentions. 

The  mere  mention  of  the  different  sources  from 
which  such  large  sums  are  obtained,  suggests  the  very 
complicated  and   often   overlapping  jurisdictions  of 

*  Educn.  Dept. ;  S.  and  A.  Dept ;  Tech.  Com. ;  Poly.  Soc. ;  Ming.  Inst ; 
Ferris  Bqst ;  Whitworth  ;  City  Guilds. 
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the  various  bodies  now  engaged  in  promoting  Technical 
Education,  and  rewarding  genius  and  research.  It  is 
inevitable  that  there  should  be  considerable  loss  of 
power,  and  that  sometimes  even  positive  injury  must 
be  done  to  the  cause  that  is  in  hand ;  and  it  becomes 
a  very  serious  question,  with  such  a  multiplicity  of 
organizations,  how  far  are  we,  as  a  nation,  getting 
good  value  for  our  outlay?  As  long  as  elementary 
education  was  confined  to  the  provision  of  simple 
instruction  in  the  three  R's  (as  they  are  called)  it  may 
be  said  that  it  came  but  little  in  touch  with  the  work 
of  our  societies.  But  we  cannot  look  with  indiffer- 
ence upon  any  educational  work,  however  elementary. 
As  far  as  it  is  conducted  upon  sound  and  permanent 
principles  it  must  make  for  the  objects  we  have  at 
heart ;  and  I  think  the  time  has  come  when  we  must 
go  beyond  a  mere  expression  of  general  interest,  and 
consider  the  recent  and  probable  future  development 
of  State-controlled  education,  as  directly  affecting  such 
societies  as  ours  either  for  good  or  evil.  We  must 
consider  how  far  we  should  continue  to  work  on  our 
old  lines,  and  whether  the  time  has  come  to  strike 
out  new  courses  to  meet  the  altered  circumstances 
around  us. 

Elementary  education  has  long  ceased  to  be 
elementary  in  more  than  name,  as  far  as  its  scope  is 
concerned,  and  the  grants  made  by  the  Science  and 
Art  Department  and  various  Technical  Education 
committees,  are  often  expressly  designed  to  promote 
the  very  objects  for  which  our  societies  were  founded, 
and  towards  which  some  of  our  members  have  been 
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labouring  all  their  lives,  without  any  of  the  ad- 
vantages of  grants  from  the  rates  and  taxes  to 
assist  them. 

For  years  these  societies  have  been  working  in  the 
cause  of  scientific  and  technical  education,  and  now 
that  there  has  come  a  favouring  breeze  we  ought,  I 
think,  to  make  the  most  of  it,  and  give  our  experience 
and  best  energies  to  see  that  with  increased  speed  the 
helm  is  kept  right,  and  the  ship  directed  in  the 
proper  course. 

To  drop  all  metaphor,  I  would  urge  that  as  societies 
and  as  individuals  we  ought  to  be  in  the  forefront  of 
the  movement  now  developing,  and  not  dream  for  a 
moment  that  our  work  is  done,  and  that  we  can  sit 
down  and  rest  while  others  push  on  and  occupy  the 
ground. 

The  answer  that  1  give  to.  my  own  question  is  this, 
that  those  who  have  the  best  interests  of  our  societies 
at  heart  must  take  care  that  they  adapt  them  to  the 
altered  and  altering  circumstances  of  the  present  day, 
and  that  as  individuals  we  shall  best  show  our  loyalty 
to  the  aims  and  objects  we  have  in  common,  by  gladly 
co-operating  in  every  movement  directed  towards  the 
same  end,  whether  or  not  it  is  precisely  on  the  lines 
we  have  been  accustomed  to  work. 

The  two  chief  movements  of  the  kind  I  am  referring 
to  are  the  creation  of  Technical  Education  Committees, 
and  the  adoption  of  the  Free  Libraries  Act  in  all  our 
large  towns,  under  the  stimulus  of  the  noble  bequest 
of  the  late  Mr.  Ferris,  supplemented  as  it  is  in  most 
cases  by  the  provision  of  buildings,  both  for  Free 
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Library    and    educational    purposes,    through    the 
generosity  of  Mr.  Passmore  Edwards. 

In  both  these  movements  we  have,  as  societies  and 
individuals,  our  privileges  and  responsibilities,  and 
though  I  gladly  recognise  that  they  have  very  largely 
been  perceived  and  acted  on,  yet  1  think  it  will  do  us 
good  to  consider  them  together  to-day. 

I  need  hot  enter  into  the  history  of  the  circum- 
stances which  led  to  our  newly -created  County 
Council  finding  itself  with  some  £6,000  per  annum 
at  its  disposal,  with  a  suggestion  that  it  should 
be  devoted  to  Technical  Education.  Those  circum- 
stances were  alike  unexpected  and  unprecedented. 
For  years  there  had  been  a  growing  feeling  that 
more  attention  must  be  paid  to  Technical  Education. 
The  fierce  competition  to  which  England  is  exposed 
from  other  nations,  where  education  of  the  kind  has 
already  made  much  progress,  led  to  the  realisation 
of  the  fact  that  if  we  would  hold  our  own  in  the 
markets  of  the  world,  our  artisans  must  not  only 
know  what  they  do,  but  why  they  do  it.  The 
neglect  of  apprenticeship,  and  the  increasing 
specialisation  of  work  brought  about  by  the  use  of 
machinery,  renders  it  almost  impossible  for  artisans 
continually  employed  on  one  part  only  of  any 
manufacture  or  operation,  from  gaining  such  a 
knowledge  of  their  tasks  as  the  solitary  workman 
would  get  in  former  days  from  mere  rule  of  thumb. 

All  this  rendered  an  advance  in  Technical 
Education  desirable,  whilst  the  spread  of  elementary 
knowledge,   and  increase  of  cheap  literature,  made 
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it  possible,  if  only  the  necessary  organisation  could 
be  created,  and  funds  found  to  work  it.*  The 
money  came  suddenly,  before  the  organisation,  and 
it  is  greatly  to  the  credit  of  Cornwall  that  her 
County  Council  was  one  of  the  first  to  decide  that 
the  funds  thus  unexpectedly  provided  should  be 
devoted  to  supplying  the  educational  want,  and 
that  it  has  availed  itself  of  local  knowledge  and 
experience  in  a  far  greater  degree  than  some  neigh- 
bouring councils  have  done. 

The  result  has  been  that  whilst  other  counties 
have  had  to  regret  wasted  expenditure,  and  to 
change  their  methods  as  hastily  as  they  adopted 
them,  we  in  Cornwall  have  moved  more  slowly  and 
surely,  and  can  justify  our  action  by  its  fruits. 

The  decision  of  the  Cornwall  Council  to  work 
through  district  committees  was  undoubtedly  an 
experiment,  and  if  it  has  not  been  altogether  an 
unqualified  success,  it  has,  I  maintain,  been  far  from 
a  failure.  The  committees  have  bought  their  know- 
ledge in  the  best  of  all  schools,  that  of  practical 
experience,  and  under  the  control  of  the  Central 
Committee,  and  the  energetic  guidance  of  an 
enthusiastic  and  well  qualified  organising  secretary, 
himself  a  highly  successful  teacher,  they  are  now  in 
a  position  to  greatly  extend  their  work  and  influence. 

If  I  ask  what  can  we  do  to  help  them,  I  know  I 
shall  be  told  that  much  is  already  being  done,  and  I 
am  not  ignorant  of  it.      Each  society  represented 

•  See  Address  by  H.  S.  Tremenheere  to  Royal  Geological  Society  in  1869. 
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here  has,  I  doubt  not,  had  a  share  in  the  results 
accomplished.  At  Truro  a  home  has  been  found  for 
many  of  the  classes  under  the  roof  of  the  Royal 
Institution,  and  the  local  committee,  under  the 
secretaryship  of  our  friend,  Major  Parkyn,  has  fitted 
up  a  laboratory,  and  made  other  improvements.  At 
Falmouth  the  Polytechnic  Society,  which  has  always 
lent  its  hall  and  committee  room  for  science  teaching 
when  not  otherwise  in  use,  has  this  year  gone  a  step 
further,  and  offers  special  prizes  to  students  in  some 
of  the  technical  classes,  and  I  have  no  doubt  other 
societies  have  helped  in  various  ways.  I  ask  that  we 
should  now  consider  what  more  we  can  do,  especially 
in  the  direction  of  recognising  merit  by  premiums, 
medals,  certificates,  free  memberships,  etc. 

When  I  turn  to  the  names  of  those  composing  our 
local  committees,  I  am  afraid  the  appearance  is  not 
quite  so  satisfactory,  as  I  find  how  frequently  the 
practical  details  of  the  working  of  the  Technical 
Committees  are  left  to  a  few,  and  those  very  oftea 
representative  of  agriculture  and  commerce,  rather 
than  of  research  and  science.  If  our  Technical 
Committees  are  to  accomplish  what  they  ought,  we 
must  have  more  members  who  will  make  such  work 
their  special  hobby,  rather  than  those  who  can  only 
devote  to  it  a  small  share  of  their  leisure  amidst 
conflicting  claims ;  and  I  have  only  to  look  at  the 
lists  of  members  of  our  societies  to  see  many  who 
might  give  valuable  individual  service  if  they  could 
but  see  that  it  is  wanted.  I  know  that  the  ordeal  of 
public  elections,  and  the  formalities  and   red  tape 
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this  great  northern  drift,  with  its  heavier  burden 
checked  by  and  deposited  in  front  of  the  Isle  of 
Wight  and  Portland  Bay,  we  must  connect  the 
effects  of  the  same  drift  farther  westwards,  by  means 
of  which,  and  by  ground  ice  and  local  icefloes,  the 
dispersion  and  extensive  distribution  of  jiinty  so 
conspicuous  in  all  southern  beaches,  and  extending 
even  as  far  as  the  Scilly  Isles,  can  alone  be  accounted 
for.  For  all  this  very  prolonged  periods  must  have 
been  required,  various  oscillations  of  the  relative 
levels  of  land  and  sea  must  have  taken  place,  until 
at  last  through  all  these  changes  we  grope  our  way 
on  to  the  Elephant  Beds  of  Brighton,  and  intermixed 
with  these  to  the  first  traces  of  Man.  In  higher 
northern  latitudes,  as  in  Scotland  and  Scandinavia, 
and  the  corresponding  latitudes  in  North  America, 
the  traces  of  glacial  action  are  so  conspicuous  and 
remain  so  fresh  as  to  leave  no  doubt  on  the  mind  of 
the  observer ;  but  on  our  southern  coast  these  traces, 
as  far  as  land  surfaces  and  coast  contours  are  con- 
cerned, appear  to  have  almost  entirely  vanished, 
and  denudation  by  subserial  agencies  must  be  the 
chief  factor  to  explain  present  appearances. 

Accordingly  we  find  that  all  local  observers  dwell 
upon  the  fact  that  all  these  accumulations  of  "  Head  " 
or  rubble  drift,  no  matter  how  massive,  are  entirely 
of  local  origin,  derived  from  the  immediately 
adjoining  rock  or  soil,  and  that  this  detritus  extends 
not  only  seawards,  but  is  found  on  the  slopes  of 
hills  all  round  and  in  all  valleys  except  where 
scoured  out  by  the  action  of  water. 
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As  regards  our  free  libraries,  I  think  it  is  of  the 
utmost  importance  that  our  eflForts  should  be  directed 
to  securing  good  reference  departments,  with 
facilities  for  quiet  study,  and  I  would  suggest  the 
desirability  of  gifts  of  books  bearing  on  the  special 
objects  of  our  respective  societies,  which  wiU  be 
preserved  and  rendered  more  available  for  general 
use  in  such  institutions  than  in  smaller  libraries  of 
our  own,  and  further,  that  care  should  be  taken  that 
the  lending  departments  shall  contain  a  good  supply 
of  text  books  suited  for  beginners. 

In  conclusion,  I  would  urge  that  there  are 
abundant  signs  that  our  present  multiplied  organisa- 
tion cannot  long  continue.  The  time  is,  I  believe, 
near  when  we  shall  have  one  local  authority, 
probably  the  County  Council,  supreme  over  all 
smaller  public  bodies,  and  a  Minister  of  Education  in 
the  Cabinet  of  the  Queen.  Such  a  change  is  much 
to  be  desired,  and  will,  I  believe,  help  forward  our 
work.  Let  us  prepare  the  way  for  it,  not  only  by 
working  our  local  societies  hand  in  hand,  as  we  are 
to  day  doing,  but  also  by  letting  our  influence  per- 
meate our  various  educational  organisations,  so  that 
when  the  time  comes,  all  may  blend  in  one 
harmonious  system. 


PHOTOGRAPHY  IN  MINES. 

By  J.  C.  BuHROw,  F.G.S. 

(RMd  at  the  Joint  Meeting  of  the  Sdentiftc  Sodetieb  of  Cornwall,  at  Penanoe, 

16th  Jnne,  1894.) 


Probably  no  branch  of  science  has  made  more 
progress  during  late  years  than  has  Photography. 

When  Wedgewood,  Niepce,  and  Daguerre  dis- 
covered early  in  the  present  century  the  action  of 
light  upon  articles  covered  with  silver  nitrate  they 
little  dreamed  of  the  extent  to  which  such  knowledge 
would  grow,  or  the  pleasure  it  would  give  to 
thousands,  as  it  does  to-day. 

From  the  silvered  copper  plate  of  Daguerre,  to 
the  collodionized  glass  positive,  was  considered  a 
great  stride,  but  a  greater  has  been  that  from  the 
wet  collodion  negative  of  comparatively  slow  speed, 
to  the  modern  day  gelatine  dry  plates  of  such 
extreme  sensitiveness  that  the  fractional  part  of  a 
second  is  sufficient  to  produce  a  photograph  of  an 
express  train  in  motion,  or  the  flight  of  a  bullet. 

Each  department  of  photography  has  reported 
progress.  The  production  of  the  negative  is  only 
a  means  to  an  end,  and  the  various  printing 
processes  enable  one  to  produce  a  positive  either 
in  the  fugitive  salts  of  silver  on  albumen,  or  by 
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the  more  permanent  processes  of  carbon  and 
platinum.  These,  with  the  mechanical  methods  of 
woodburytype,  collotype,  and  photogravure  give  us 
such  choice  as  to  leave  little  to  be  desired  either  in 
beauty,  colour,  or  durability. 

Now  that  it  is  no  longer  necessary  for  the  photo- 
grapher to  take  about  with  him  the  heavy 
impedimenta  of  the  wet  collodion  process,  and 
labour  under  the  messy  and  finger-staining  con- 
ditions belonging  thereto,  many  have  taken  up  the 
practice  of  photography  as  a  pastime,  so  much  so  that 
we  are  all  familiar  with  the  snap-shot  Kodak,  and 
the  light  and  beautifully  constructed  camera. 
Amateurs  and  professionals  vie  with  each  other  in 
producing  pictorial  effects  of  almost  everything  under 
the  sun. 

Many  of  the  sciences  have  materially  benefited 
by  the  progress  in  photography.  Astronomy  owes 
much  to  the  penetrative  power  of  modern  lenses, 
and  the  portrayal  of  the  distant  heavens  upon  the 
sensitive  plate.  Microscopical  research  has  a  valuable 
assistant  in  the  faithful  and  minute  reproductions  of 
the  camera ;  whether  in  Zoology  or  Botany,  Geology 
or  Physics,  the  services  of  photography  have  been 
most  successfully  requisitioned  by  the  modern 
scientist. 

In  commercial  life  it  is  one  of  the  most  useful  of 
the  arts ;  it  combines  utility  with  pleasure.  Should 
the  student  of  marine  life  desire  to  know  more  of 
the  habits  of  creatures  existing  in  the  ocean,  the 
camera  can  assist  him.     Successful  experiments  have 
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recently  been  made  in  this  direction.  Then  again 
photography  has  been  called  into  use  for  military  or 
surveying  purposes  from  balloons.  At  last  year's 
exhibition  of  the  Photographic  Society  of  Great 
Britain,  some  fine  examples  of  this  kind  were 
shown. 

Until  recently  very  little  was  done  with  the 
camera  underground,  and  although  mining  forms 
such  an  important  feature  in  the  industries  of  the 
world  and  of  Cornwall  in  particular,  no  trustworthy 
photographic  representations  of  the  miner  and  his 
work  were  extant.  The  public  have  little  faith  in 
sketched  or  painted  illustrations  of  everyday  life 
underground  ;  they  either  consider  the  artist  to  have 
drawn  largely  on  his  imagination,  or  from  their  own 
erroneous  ideas  consider  the  depicted  scenes  im- 
possible. Some  attempts  were  made  by  Mr.  W.  E. 
Debenham  as  far  back  as  1865,  in  the  days  of  the 
wet  collodion  process,  to  photograph  the  under- 
ground workings  of  the  St.  Just  mines,  a  bunch  of 
magnesium  ribbon  being  used  as  the  illuminant. 

Nothing,  however,  very  successfully  was  done 
until  Mr.  Arthur  Sop  with,  of  the  Crannock  Chase 
Collieries  (now  President  of  the  Federated  Institution 
of  Mining  Engineers),  took  up  the  work  in  1881  and 
1882.  He  succeeded,  after  much  difficulty  in 
illuminating  the  workings  of  the  collieries,  in  pro- 
ducing a  series  of  pictures  that  won  for  him  the 
Gold  Medal  of  the  Royal  Society,  and  although 
these  would  not  compare  with  the  later  productions 
of   Mr.    Herbert   W.   Hughes,  the  Manager  of  the 
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Lye  Cross  and  other  important  collieries  in  South 
Staffordshire,  yet  all  honour  is  due  to  Mr.  Sopwith 
for  accomplishing  such  work  as  he  did,  with  the 
appliances  at  his  command  in  those  days. 

Although  the  work  is  somewhat  uninviting,  yet 
from  the  increasing  interest  manifested  in  mining 
matters,  it  became  a  necessity  from  an  educational 
and  scientific  aspect,  that  something  more  should  be 
done  in  this  direction,  and  since  1890  it  has  received 
more  attention.  The  mines  of  Clausthal  and  Frie- 
berg,  in  Germany,  offering  as  they  do  special  facilities 
in  the  way  of  ventilation,  with  strong  contrasts  and 
fine  reflective  surfaces  of  their  lode  structure,  have 
been  very  successfully  photographed. 

About  two  years  ago  the  writer  was  induced  to 
take  up  the  subject,  on  the  suggestion  of  Mr.  William 
Thomas,  Secretary  of  the  Mining  Association  and 
Institute  of  Cornwall,  who  in  his  capacity  of 
lecturer  on  **  Mining"  at  the  Camborne  Mining 
School  was  anxious  to  obtain  such  illustrations. 
Mr.  Hughes,  to  whom  reference  has  already  been  made, 
about  the  same  time  commenced  experiments  in  his 
collieries,  and  having  been  in  correspondence  with 
him,  the  writer  was  enabled  to  exchange  ideas  and 
experiences.  This  resulted  in  both  finally  adopting 
similar  apparatus  and  materials,  a  difference  existing 
only  in  the  method  of  using  the  illuminants.  In 
the  collieries,  black  non-reflective  surfaces  have  to  be 
dealt  with,  in  an  atmosphere  at  times  thick  with  coal 
dust,  whilst  in  metalliferous  mines  heat  and  moisture 
give  much  trouble. 
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The  writer's  first  attempts  convinced  him  that  it 
required  courage  and  perseverance  to  overcome  the 
peculiar  difficulties  in  this  new  field  for  photographic 
enterprise.  As  in  every  department  of  labour  it  is 
necessary  for  the  worker  to  make  himself  acquainted 
with  his  environments,  so  in  this,  the  photographer 
should  be  something  of  a  mining  engineer,  so  as  to 
intelligently  grasp  the  idea  the  picture  is  intended  to 
illustrate.  He  must  in  Cornwall  become  familiar 
with  lodes  and  cross-courses,  levels  and  winzes, 
hanging-walls  and  foot- walls,  and  in  the  slate  mines 
with  chambers  and  floors,  cleavage  and  strati- 
fication. 

One  should  not  sacrifice  the  principal  features  of 
mining,  or  the  natural  position  of  the  miner  at  his 
work,  in  order  to  compose  an  artistic  picture ;  but 
after  realizing  all  this  he  may  then  bring  his 
knowledge  of  light  and  shade  to  bear,  so  as  to 
produce  a  complete  eff'ect.  Some  of  the  chief 
difficulties  may  be  said  to  exist  in  confined  and 
cramped  situations,  or  lofty  chambers  and  gunnies, 
with  veins  or  beds  of  high  dips  affording  little  or  no 
foothold  for  camera  or  operator,  dripping  or  running 
water,  vapour,  mud,  grease,  damp  smoky  air,  heat, 
cold,  draughts  and  darkness.  The  kid -gloved 
photographer,  with  his  delicately- made  apparatus, 
who  is  afraid  to  soil  his  hands  or  camera,  had  better 
not  attempt  photography  in  some  of  our  deep 
Cornish  mines,  unless  he  makes  up  his  mind  to 
procure  a  new  outfit  for  future  use  at  surface. 

Presuming  that  all  are  not  conversant  with  the 
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apparatus  required  in  underground  photography,  it 
would  perhaps  be  well  to  describe  that  which  has 
been  found  most  suitable. 

THE    CAMERA 

claims  first  attention.  It  should  be  strong  and  well 
made,  of  the  usual  beUows-body  design  for  port- 
ability, with  some  of  the  simplest  movements  and 
without  loose  screws — as  there  are  so  many  matters 
to  claim  attention,  that  one  cannot  be  troubled  with 
complicated  apparatus.  For  work  in  Cornish  mines 
the  camera  should  be  of  half-plate  size,  and  made  of 
stout  materials  that  would  not  be  seriously  injured 
by  a  fall  or  by  damp,  the  plates  protected  in  Tyler's 
iron  dark  slides; 

In  the  slate  mines  of  North  Wales,  where  the 
chambers  are  large  and  dry,  the  wTiter  has  used,  side 
by  side,  large  and  small  cameras  of  the  well-known 
**  Kuby  "  pattern  made  by  Thornton  Pickard,  taking 
two  photographs  with  the  same  flash-light. 

Double  dark  slides  filled  with  plates  sufficient  for 
the  day's  use  should  be  taken.  There  is  no  difficulty 
in  changing  plates  underground,  as  absolute  darkness 
exists  when  the  candles  are  extinguished,  but  it 
cannot  be  done  cleanly,  therefore  half-a-dozen  double 
slides  are  best,  although  it  rarely  happens  that  more 
than  six  plates  can  be  exposed  in  one  shift.  It  must 
be  remembered  also  that  generally  only  one  exposure 
can  be  made  in  one  place,  owing  to  the  fogginess 
caused  by  the  combustion  of  magnesium. 

More    could    be    done   if    the    operator   worked 
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through  the  three  shifts  of  twenty-four  hours, 
choosing  his  times  for  exposure  between  the 
blastings. 

Whilst  old  cameras  may  be  made  to  do  duty 
underground,  the  same  cannot  be  said  of 

THE    LENSES. 

Although  there  is  such  variety,  few  are  suitable  for 
underground  work.  The  lens  must  be  of  the  best 
quality,  possessing  great  width  of  angle,  depth  of 
focus  and  speed.  These  combined  qualities  have  not 
been  easy  to  obtain,  until  of  comparatively  recent 
date.  The  ordinary  portrait  combination  is  fairly 
rapid,  and  Mr.  S opworth  obtained  his  photographs 
by  its  use,  but  it  is  of  narrow  angle  and  lacks  depth 
of  focus. 

Both  Mr.  Hughes  and  the  writer  have  tried  lenses 
of  several  kinds  with  varying  results.  Koss's  rapid 
symmetrical  and  concentric  lenses  may  be  used  for 
certain  subjects,  but  for  general  purposes  the  anastig- 
mat  lens  patented  by  Karl  Zeiss,  of  Jena,  and  the 
still  more  recent  double  anastigmat  introduced  by 
C.  P.  Goerz,  of  Berlin,  are  very  fine  lenses,  possess- 
ing great  flatness  of  field,  embracing  over  70°  with 
the  full  aperture,  and  working  in  daylight  at  a  speed 
of  one-thousandth  of  a  second.  In  the  double 
anastigmat  lens  by  Goerz,  both  the  horizontal  and 
vertical  lines  are  sharp  to  the  corners.  The  Zeiss 
lens  covers  a  wider  angle.  Therefore  each  has  its 
special  advantage.  Both  these  patent  lenses  are 
made  of  the  best  optical  glass,  manufactured  in  Jena, 
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and  can  be  fitted  in  either  brass  or  aluminioin 
mounts,  with  iris  diaphragms.  Messrs.  Ross  k  Co., 
of  London,  are  the  makers  in  this  country.  Good 
underground  pictures  would  not  be  possible  but  for 
the  assistance  of  these  splendid  models  of  the 
optician's  art. 

THE   CAMERA    STAND 

for  underground  work  should  have  sliding  legs, 
strong  joints,  and  be  made  of  hard  wood,  sufficiently 
thick  to  prevent  warping.  From  the  uneven  nature 
of  the  ground  and  the  cramped  position  of  the  point 
of  view,  it  is  sometimes  necessary  to  weight  it  with 
stones  or  to  strap  it  to  a  ladder.  In  one  case  it  was 
balanced  over  a  soUar,  the  camera  directed  vertically 
down  the  shaft,  the  operator  lying  flat  on  his 
stomach.  Photographs  taken  in  such  positions  look 
strange  at  first,  but  in  certain  situations  no  other 
points  of  view  are  available. 

A  ball  and  socket  joint  is  very  useful  for  small 
cameras.  It  can  therefore  be  easily  understood  why 
the  stand  should  possess  adaptability  for  any 
situation. 

We  have  next  to  consider 

THE   METHOD    OF   LIGHTING 

up  with  actinic  rays  the  absolute  darkness  under- 
ground. The  writer's  first  attempts  were  made  with 
magnesium  ribbon  and  powder,  together  with  the 
oxy-hydrogen  lime-light.  Two  jets  of  the  latter 
were  used  direct  from  Brin's  cylinders  of  compressed 
gases.     These  were  very  useful  to  see  to  work  by, 
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giving  a  clear  light  without  smoke,  and  for  pre- 
liminary exposures  upon  still  objects  previous  to 
introducing  the  figures  for  the  short  flash-light. 

There  are  many  kinds  of  flash-lamps  in  the  market, 
and  most  of  them  are  suitable  for  night  portraiture 
in  small  rooms,  but  none  are  powerful  enough  for 
underground  photography.  After  repeated  experi- 
ments the  writer  designed  portable  triple  lamps  of 
great  power.  One  lamp  is  suflBcient  for  a  small 
place,  but  any  number  can  be  used  as  may  be 
required. 

The  mode  adopted  to  work  the  slate-beds  at 
Ffestiniog  results  in  the  excavation  of  vast  chambers, 
falls  from  the  roofs  of  which  cause  a  large  proportion 
of  the  deaths  and  injuries  from  accidents  in  those 
mines.  Many  of  these  chambers  are  from  75  to 
100  feet  high  by  40  to  50  feet  in  width.  Pillars  of 
slate,  nearly  as  wide  as  the  chambers,  are  left  to 
act  as  supports,  no  timber  being  used  to  secure 
the  roof.  Careful  and  constant  examination  of  the 
roof  is  necessary,  and  in  order  to  carry  out  this 
examination  ladders  of  80  to  90  feet  in  length 
are  erected,  and  supported  by  means  of  stay-ropes 
fastened  to  the  sides  of  the  chambers.  From  these 
ladders  the  slate  miner  with  his  long  rod  sounds  the 
roof,  detects  weak  places,  and  takes  steps  for  the 
removal  of  dangerous  parts. 

Prof.  C.  Le  Neve  Foster  expressed  a  wish  to  have 
some  of  these  chambers  and  ladders  photographed 
to  supplement  the  report  of  the  Commission  on  Slate 
Quarries  and  Mines.      For  this  purpose  the  writer 
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used  several  of  his  triple  flash-lamps  and  succeeded 
in  photographing  some  of  the  largest  mine  excava- 
tions that  are  to  be  found  in  this  country.  In  the 
latest  experiments  the  lime-lights  have  been  dispensed 
with,  relying  entirely  upon  experience  and  magnesiam 
powder.  By  a  judicious  use  of  lamps  in  distant 
places  some  unique  lighting  effects  can  be  obtained 
Special  attention  must  be  given  to  the  air  currents, 
which  if  possible  should  be  upwards.  Experience 
teaches  that  it  is  sometimes  impossible  to  photograph 
a  gunnies  looking  from  west  to  east,  when  the  same 
can  be  taken  from  east  to  west.  This  is  probably  due 
to  the  admission  of  good  air  at  one  end  driving  the 
foul  air  to  the  other,  which  is  not  perceptible  to  the 
eye,  but  is  revealed  by  the  lens  as  fog  on  the  plate. 

Mr.  Hughes  has  obtained  his  best  results  with 
lamps  designed  by  the  Platinotype  Company,  in 
which  magnesium  powder  is  burnt  in  the  oxy- 
hydrogen  flame.  These  produce  a  fine  light,  rich  in 
actinic  rays,  with  a  small  expenditure  of  powder, 
but  they  have  the  disadvantage  of  being  rather 
cumbrous,  with  their  gas  cylinder  appendages,  and 
consequently  are  unsuitable  for  cramped  or  confined 
situations.  In  large  chambers,  however,  with  good 
standing  ground,  they  answer  admirably. 

Two  very  important  points  in  underground  lighting 
must  be  remembered,  first,  the  lamps  should  produce 
a  good  light  of  about  three  or  four  seconds  duration, 
and  secondly,  they  should  be  so  placed  that  shadows 
are  thrown  behind  the  object  away  from  the  lens,  at 
the  same  time  avoiding  flatness  on  one  hand,  and  sharp 
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contrasts  on  the  other.  The  writer  hopes  soon  to 
complete  an  arrangement  by  means  of  which  he  will 
be  able  to  flash  up  from  one  point  several  powerful 
lamps  fixed  in  various  places.  Electric  light  is  not 
available  in  Cornish  mines,  and  only  the  arc  lamp 
would  be  of  photographic  value.  A  photograph  was 
recently  taken  at  midnight  in  a  ball-room  lit  by 
incandescent  electric  lamps,  which  looked  like  yellow 
rush-lights  during  the  time  the  flash-lamps  were  in 
use.  Some  photographs  of  the  Kohinoor  Colliery, 
Pennsylvania,  have  been  taken  by  five  arc  lamps  of 
1600  candle  power  each,  with  an  exposure  of  from 
10  to  30  minutes.  Contrast  that  with  the  triple 
flash-lamps,  and  an  exposure  of  three  or  four  seconds, 
and  some  idea  may  be  obtained  of  the  superior 
actinic  power  of  magnesium. 

The  selection  of  suitable  sensitive  plates  is  a  very 
important  part  of  the  whole.  The  modem  dry  plate 
consists  of  a  film  of  gelatine,  in  which  the  sensitive 
salts  of  silver  are  held  in  suspension.  There  are 
several  varieties,  each  in  its  way  best  for  special 
kinds  of  work.  No  one  plate  can  do  everything. 
There  is  the  isochromatic  plate,  the  best  for  colour 
contrasts  in  photographing  flowers,  or  copying  an  oil 
painting ;  the  "  Sandell "  plate,  best  for  strong 
contrasts  in  light  and  shade,  being  free  from  halation ; 
others  for  photo-mechanical  processes,  and  again 
others  of  extreme  sensitiveness  combining  more  or  less 
of  the  before-mentioned  peculiarities.  After  repeated 
trials,  Mr.  Hughes  and  the  writer  finally  adopted  the 
plate  known  as  the  Cadett  "  Lightning."     It  is  very 

2  u 
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rapid  and  clean,  of  good  film  body,  with  little  or  no 
halation,  that  is,  a  candle  flame  may  be  photographed 
without  a  halo  round  it.  Formerly  all  lights  were 
put  out,  but  it  looks  more  natural  to  see  every  miner 
with  his  candle  alight. 

The  careful  development  of  the  exposed  plate  is 
very  important,  so  as  to  coax  out  all  possible  detail. 
Almost  every  worker  has  his  own  pet  formula.  The 
writer  generally  uses  pyro  and  ammonia. 

The  varying  changes  from  heat  to  cold  under- 
ground give  trouble,  causing  condensation  of  moisture 
upon  the  cold  glass  surfaces,  and  until  the  lenses 
and  apparatus  acquire  the  normal  temperature  of  the 
workings  nothing  can  be  done.  It  is  needless  to 
detail  the  incidents  attending  the  transport  of 
apparatus,  from  surface  to  the  bottom  of  an  inclined 
shaft  half-a-mile  below.  One  must  not  be  dis- 
couraged by  a  few  mishaps.  An  assistant  may 
stumble  headlong  into  a  pool  of  water  by  the  side  of 
the  level,  with  the  plate  box,  or  drop  the  magnesium 
can  down  a  shaft. 

There  are  many  who  think  the  work  easy.  Quite 
recently  coal  mines  have  been  attempted  by  one 
competitor,  who,  benefiting  by  published  experiences, 
has  reported  that  he  has  '*  easily"  taken  photographs 
in  coal  mines. 

The  subsequent  work  of  printing  from  the  neg- 
atives is  only  a  matter  of  ordinary  practice,  and 
nothing  need  be  said  on  that  point  except  that  the 
pictures  should  represent  as  nearly  as  possible  the 
colour  of  the  rock  or  material  photographed.     The 
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bromide  process,  for  instance,  lends  itself  well  to 
bluish  tones  representing  slate,  and  the  gelatino- 
chloride  paper  to  some  of  the  darker  rocks  of  Cornish 
mines  and  to  collieries.  With  increased  experience 
the  percentage  of  good  results  has  increased  con- 
siderably. At  first  the  printable  plates  only- 
amounted  to  15  or  18  per  cent,  of  the  number 
exposed.  It  is  now  60  to  80  per  cent.  This  is 
very  encouraging. 

This  short  paper  should  not  be  concluded  without 
the  writer  s  hearty  acknowledgment  of  the  kind 
assistance  rendered  by  the  managers  and  agents  of 
the  various  mines,  in  which  the  experiments  have 
been  made. 

He  sincerely  hopes  that  the  mines  of  the  county, 
generally,  and  those  mines,  photographs  of  which 
are  now  exhibited,  particularly,  will  in  the  near 
future  increase  their  returns  and  their  profits,  in  the 
same  ratio  as  he  has  been  able  to  increase  the 
number  of  his  printable  mining  plates. 
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ON  SOME  FOSSILS  FROM  THE  COAST 
SECTIONS  IN  THE  PARISHES  OF  PADSTOW 

AND  ST.  MERRYN. 

By    Howard    Fox,    F.G.S. 

(Read  at  the  Joint  Meeting  of  the  Scientific  Societies  of  CornwaU,  at  Penxanoe, 

15th  Jane,  1894  ) 


In  the  sixth  volume  of  your  Transactions  Mr.  C.  W. 
Peach  observes,  at  page  132,  that  the  North  Coast  of 
Cornwall  "is  fossiliferous  from  Tintagel  to  Perran- 
zabuloe "  ;  but  he  mentions  no  specific  fossils  as 
characteristic  of  this  district.  In  your  seventh 
volume  Mr.  S.  R.  Pattison,  in  one  of  his  valuable 
Papers  on  the  Geology  of  North  Cornwall,  gives  "  A 
brief  description  of  the  Coast  of  Cornwall  between 
the  Padstow  River  and  Perran  Sands."  He  writes 
as  follows  : — "  The  slate  in  Permizen  Bay*  is  abun- 
dantly fossiliferous,  being  crowded  principally  w^ith 
crinoidal  remains.  Here  are  some  thin  limestone 
bands,  and  with  these  occur,  Turhinolopsis  cdtica, 
and  another  coral ;  Crinoidea,  Spirifera ;  Ch^thoceras 
ludense  (common).  The  crinoidal  rocks  continue 
into  Perleze  Bay,f  where  there  is  a  small  pat^h  of 

♦  Trevone  Bay  of  the  Six-inch  map. 
t  Harlyn  Bay  of  the  Six -inch  map. 
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decided  slate  rock,  with  a  distinct  cleavage,  and 
producing  a  good  striped  slate."  De  la  Beche  also 
notes  that  "  organic  remains  are  found  in  the  slates 
of  Permizen  Bay."* 

I  believe  these  to  be  the  only  precise  references 
to  the  district  I  propose  to  describe. 

During  the  past  twelve  months  I  have  had  the 
opportunity  of  frequently  visiting  the  coast  between 
Trevone  Bay  and  Treyarnon  Bay,  including  the  well- 
known  Trevose  Head,  the  adjoining  less  known,  but 
peculiarly  interesting,  Dinas  Head,  and  Constantine 
Bay. 

The  beds  in  which  the  fossUs  occur  in  the  fore- 
shore  are  mainly  bluish  shales,  with  a  certain 
amount  of  carbonate  of  lime,  as  shown  by  the  action 
of  acid ;  they  are  horizontal,  or  dip  at  low  angles, 
and  are  more  or  less  compressed,  but  the  fossils  are 
not  much  contorted.  These  shales  are  interbedded 
with  some  thin  bands  of  fossiliferous  limestone,  as 
noted  by  Mr.  Pattison.  The  fossils  in  the  shales  at 
Trevone  are  confined  to  definite  horizons,  in  beds  a 
few  feet  thick,  with  a  wide  extent  of  intervening 
beds  of  barren  rock. 

The  beds  in  which  the  fossils  occur  above  high- 
water  mark  are  bluish  to  brownish  grey  in  colour, 
soft  and  friable,  and  many  feet  in  thickness,  dipping 
for  the  most  part  at  low  angles. 

The  rocks  in  this  district  contain  many  fossils,  not 
hitherto  described  as  Cornish.     I  have  at  present 

♦  Rep,  on  the  GeoL  of  Com.  Dev,  and  W,  Som.  p.  89. 
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only  collected  those  fossils  which  had  weathered  out 
of  the  rocks,  and  were  visible  to  the  casual  observer. 
Quarrying  operations  and  the  effect  of  further 
weathering  will  probably  add  much  to  our  know- 
ledge, as  the  cliffs  are  in  places  very  fossiliferous. 

The  opportunities  within  my  reach  did  not  suffice 
to  enable  me  to  determine  the  fossils  which  I 
collected,  and  1  therefore  sent  them  to  Dr.  G.  J. 
Hinde,  v.p.g.s.,  who  kindly  examined  the  corals  and 
some  of  the  other  forms,  and  through  him  the 
Cephalopods  were  submitted  to  Mr.  G.  C.  Crick, 
F.G.S.,  of  the  British  Museum,  whilst  the  fish  remains 
were  shown  to  Mr.  A.  Smith  Woodward,  f.g.s.,  and 
the  Lamellibranchs  and  Trilobites  to  Mr.  R  B. 
Newton,  f.g.s.  I  beg  to  express  my  obligations  to 
these  gentlemen  for  their  invaluable  aid  in  deter- 
mining the  character  and  relations  of  these  fossils. 
The  service  rendered  has  been  more  appreciated  from 
the  fact,  that  the  fragmentary  condition  and  the  poor 
state  of  preservation  of  most  of  these  fossils  required 
much  more  skill  and  patience  to  identify  them,  than 
if  they  had  been  in  a  good  state  of  preservation.  To 
Dr.  Hinde  my  obligations  have  been  simply 
unbounded. 

At  Trcvone,  the  rocks  between  Permizen  or  Porth- 
missen  Beach  and  Newtrain  Bay,  to  the  west,  are 
fossiliferous  in  several  horizons.  In  the  shales 
exposed  on  the  foreshore  many  of  the  fossils  have 
been  replaced  by  iron-pyrites,  and  this  material 
being  harder  than  the  shaly  matrix,  the  fossils  stand 
out  from  the  surface  of  the  rock,  which  has  been 
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scoured  by  the  action  of  the  waves.  Some  of  the 
fossils  retain  their  outer  fonn,  very  fairly  preserved 
in  the  pyrites,  and  this  applies  more  particularly  to 
the  Cephalopods  and  small  Lamellibranchs,  so  that 
the  genera,  and,  in  rare  cases,  even  the  species  can 
be  determined,  but  in  very  many  instances  the 
presence  of  fossils  is  only  indicated  by  irregular 
amorphous  aggregations  of  shining  pyrites  projecting 
from  the  surfaces  of  the  beds.  Not  infrequently  the 
fossils  have  been  exposed  suflficiently  long  to  allow  of 
the  attachment  of  colonies  of  recent  acorn  shells 
over  them.  At  about  half-tide  mark  at  springs  a 
band  of  rock  a  few  feet  thick,  crowded  with  pyritous 
fossils,  is  exposed,  and  extends  in  a  south-west 
direction  from  Pentonwarra  Point  (on  the  six -inch 
map).  This  band  contains  numerous  cephalopods, 
nearly  all  of  small  size.  Mr.  Crick  has  recognised 
amongst  them  the  following  Genera  : — 

Orthoceras;  Bactrites;  Goniatites^  (including  the 
divisions  Agoniatites,  Tornoceras,  Anarcestes,  and 
Mimoceras).  He  has  further  been  able  to  determine 
two  species,  viz.  :  Bactrites  Budesheimensis,  F. 
Roemer.  Goniatites  (Tornoceras)  simplex^  Von 
Buch. 

Both  these  species  occur  in  Germany,  in  what  are 
known  as  the  Lower  Beds  of  the  Upper  Devonian ; 
and  curiously  enough  both  forms  are  likewise  present, 
at  a  corresponding  horizon,  in  the  red  shales  of  Saltern 
Cove,  near  Torquay. 

In  the  same  horizon  at  Trevone  as  the  above,  as 
well  as  near  high -water  mark  on  the  foreshore  of 
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Porthmissen  Beach,  I  found  several  specimens  of  the 
small  bivalve  shell  Cardiola  retrostriatay  Von  Buch, 
(=  Cardium  pcdmatum,  Goldfuss). 

Touching  this  species,  the  late  Mr.  J.  E.  Lee  wrote 
as  follows  :*  "It  need  hardly  be  said  with  what 
pleasure  we  discovered  at  Saltern  Cove  the  well 
known  minute  shell  Cardium  palmatum^  almost,  if 
not  entirely,  characteristic  of  the  German  shale  at 
Budesheim. 

"  The  German  Government  geologists  consider  the 
Budesheim  beds  as  Upper  Devonian." 

The  occurrence  of  these  characteristic  fossils  in  the 
Trevone  rocks  would  lead  us  to  the  conclusion  that 
the  beds  were  on  the  same  geological  horizon  of  the 
lower  portion  of  the  Upper  Devonians  as  the  Bude- 
sheim strata.  Besides  the  specific  identity  of  the 
species  just  mentioned  in  the  two  localities,  Mr.  Crick 
reports  that  the  general  features  of  the  other  cepha- 
lopods  associated  with  them  at  Trevone,  tend  further 
to  confirm  this  conclusion.  There  are,  it  is  true, 
some  small  forms  which  bear  a  certain  resemblance 
to  Anarcestes  latiseptatus,  Bey  rich,  and  to  Mima- 
ceras  compressus  from  the  Wissenbach  (Nassau) 
beds  of  Middle  or  Lower  Devonian  age,  but  these 
forms  cannot  be  absolutely  identified,  and  their 
occurrence  will  not  invalidate  the  positive  evidence 
in  favour  of  the  Upper  Devonian  age  of  the 
Trevone  beds.  One  Gastropod,  a  Euomphalus,  was 
found     in    the    same    horizon,    and    in    places    the 


♦  GeoL  Mag.  1877,  pp.  100-102,  pi.  v.,  fig.  1-16. 
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weathered  rock  surface  is  covered  with  great  numbers 
of  small  pyritized  spine-like  bodies,  having  a  general 
resemblance  to  very  diminutive  Orthoceratites.  Most 
of  them  have  smooth  outer  surfaces,  but  occasionally 
transverse  rings  are  shown.  These  fossils  are  con- 
sidered by  Dr.  Hinde  to  be  in  all  probability  casts 
of  small  Tentaculites.  Similar  small  forms  of  the 
genus  are  likewise  present  in  corresponding  Upper 
Devonian  beds  in  Germany. 

On  the  foreshore  to  the  west  of  Porthmissen  beach, 
near  high -water  mark,  associated  with  pyritized 
cephalopods  and  Cardiola  retrostriatay  I  also  met 
with  a  portion  of  a  Ganoid  fish  imbedded  in  the  blue 
shale,  which  was  recognised  by  Mr.  A.  Smith 
Woodward  as  undoubtedly  Devonian,  and  belonging 
to  a  genus  not  yet  described.  Specimens  of  the 
same  form  are  in  the  late  Mr.  Pengelly's  collection. 
The  plate  shows  the  internal  structure,  and  the 
surface  is  ornamented  with  small  bosses.  It  is, 
according  to  Mr.  Woodward,  distinct  from  Stegano- 
dictyuriiy  Kay  Lankester. 

There  were  here  and  elsewhere  numerous  impres- 
sions, such  as  are  generally  attributed  to  Fucoids. 

The  rocks  above  high-water  mark  and  the  low 
cliflFs  to  the  north-east  of  the  cottage  on  the  cliff, 
have  yielded  the  following  fossils,  which  have  been 
identified  by  Dr.  Hiude  and  Mr.  K.  B.  Newton. 
The  inner  side  of  the  body  segments  of  two  Trilo- 
bites,  both  apparently  species  of  Phacops,  and  one 
probably  Phctcops  ( THmerocephalus )  IceviSy  Munster. 
Three  corals,  viz.  Favosites  sp.,  Amplexus  sp.,  Pachy- 
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pora  sp.  Two  bivalves  DOt  determinable;  and  a 
small  Brachiopod  with  a  minute  punctate  structure, 
closely  similar  to  that  of  the  Devonian  genera 
Centronella^  Billings,  and  Cryptonella^  Hall.  One 
species,  Centronella  virgo,  Phillips,  sp.,  is  found  in 
Devonshire — a  figure  showing  the  structure  of  this 
(which  is  much  larger  than  the  Trevone  specimen) 
is  given  in  the  Rev.  G.  F.  Whidbome's  Monograph 
of  the  Devonian  Fauna  of  the  South  of  England. 
Pal.  Soc.  1893,  PL  xL  fig.  4-6. 

These  cliffs  at  Trevone  will  probably  yield  a  rich 
harvest  to  those  who  have  the  opportunity  of  care- 
fully examining  and  breaking  into  them. 

Passing  westward  we  find  the  cliffs  bordering 
Newtrain  Bay  on  the  east,  full  of  badly  preserved 
remains,  amongst  which  crinoids  abound,  as  they  do 
throughout  the  district,  wherever  fossils  are  to  be 
found.  The  west  and  north  cliffs  of  Newtrain  Bav, 
with  its  foreshore,  are  much  contorted  and  full  of 
fissures  of  various  thicknesses,  which  have  been 
infilled  with  carbonate  of  lime.  One  fault  has  calc 
spar  several  feet  thick,  and  some  of  the  infilled 
fissures  on  the  contrary  are  so  thin  that  the  suh- 
sequent  crushing  of  the  rock  has  caused  them  to 
appear  as  delicate  white  frillings  running  through  the 
blue  shales,  in  which  no  fossils  were  found. 

The  rocks  bounding  Ilarlyn  Bay  appeared  to 
contain  no  organic  remains  of  special  interest  on  the 
east  side  of  Cataclews  Point.  At  the  junction  of  the 
so-called  Greenstone  and  the  slate,  there  are  imbedded 
with  the  slates,  and  all  much  contorted,  beds  of  a 
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dark,  calcareous  rock  with  bands  of  dark  chert,  the 
latter  varying  in  thickness  from  ^  to  4^  inches.  In 
microscopic  sections  of  this  chert,  Dr.  Hinde  found 
crinoidal  remains,  Entromostraca  and  fragments  of 
monticuliporoid  Polyzoa,  but  there  were  no  remains 
of  siliceous  organisms.  Some  of  the  siliceous  bands 
are  filled  with  numerous  rhomboidal  crystals,  but  no 
fossils  could  be  recognized. 

The  cliflFs  of  blue  slate  witli  limestone  bands  which 
bound  Polventon,  or  Mother  Ivey's,  Bay,  on  the  east, 
are  in  places  full  of  badly  preserved  crinoids  and 
other  remains. 

Some  pyritized  cephalopods  and  crinoids  were 
found  in  the  rocks  which  surround  the  comparatively 
sheltered  beach  at  the  extreme  north-west  end  of  the 
Bay,  immediately  south  of  Barras  Bay. 

Further  west  some  crinoidal  remains,  and  traces  of 
other  fossils,  were  found  in  the  slates  forming  the 
isthmus  which  connects  Dinas  Head  with  the  main- 
land. On  the  west  point  of  this  Head,  where  the 
cliflF  is  shattered  by  faults,  some  bands  of  dark  chert 
appear.  There  are  numerous  bands  of  blue  limestone 
interbanded  with  the  slates  on  this  Head.  Dr.  Hinde 
found  a  section  of  one  of  these  bands  to  be  made  up 
principally  of  echinodermal  fragments,  probably  of 
crinoids,  and  there  were  also  portions  of  polyzoa-like 
Fenestella* 

About    one-third   of  a  mile  south-east  of  Dinas 


'  The  "  marble  cliffs  '*  immediately  north  of  Trevose  Bay  show  their 
limestone  bands  to  be  largely  composed  of  crinoidal  fragments,  which  are 
visible  to  the  naked  eye  on  the  weathered  surfaces. 
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Head,  or  750  y«rds  south  of  Trevose  Lighthouse,  the 
edc^e  of  the  liiw  cliff  i>  .seeu  to  be  strewn  with  flint 
flakes.  The  shelves  of  rock  forming  the  cliff  at  this 
place  are  very  friable  and  full  of  organic  remains,  bat 
in  such  an  imperfect  state  of  preservation  that  little 
but  crinoids  can  be  identified.  On  the  lower  surface 
of  one  shelf  I  found  a  cup  coral,  apparently  a 
Zaphrentis,  It  is  probable  that  a  little  quarrying 
here  will  yield  more  definite  forms.  Below  high- 
w^ater  mark  there  are  in  the  blue  shales  numerous 
pyritized  minute  fossils.  Cardiola  retrostrioAa  is 
plentiful ;  another  bivalve  is  also  found  which  has 
not  been  determined,  and  the  punctate  Brachiopod, 
similar  to  that  already  described,  from  Trevose  Cliffs, 
with  TentaculiteSy  likewise  occurs.  Mr.  Crick  de- 
termined several  of  the  small  Goniatites  to  be  near  to 
Goniatites  (Anarcestes)  Noeggerathi,  Von  Buch. 

Continuing  southward,  we  now  skirt  the  bay  which 
on  the  one-inch  ordnance  map  is  called  Constantine 
Bay,  but  the  northern  part  of  which  on  the  six-inch 
map  is  called  Booljy  Bay.  The  rocks  here  are  blue 
shales  and  slates,  and  they  are  in  many  places 
scoured  comparatively  free  from  weed  and  acorn 
shells  by  the  sea  and  sand.  Fossils,  mostly  pyritized, 
are  found  on  the  surface  in  these  smooth  slabs,  in  all 
the  beds  down  to  low  w^ater  mark. 

In  these  beds  I  found  a  specimen  of  a  palmate 
form  of  coral,  from  which  a  section  was  made  and 
determined  by  Dr.  Hinde  to  belong  to  the  genus 
Pachyjyora.  In  its  mode  of  growth,  and  in  other 
features,    it  approached   near  to  some  forms  abun- 
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dant  in  the  Middle  Devonian  of  Canada,  but  the 
particular  species  could  not  be  identified.  One  of 
the  Cephalopods  from  the  same  beds  was  recognised 
by  Mr.  Crick  as  allied  to  Orthoceras  cochleiferum, 
Sandberger,  and  another  was  a  fragment  of  Bactrites. 
One  fossil  appeared  to  be  part  of  the  head  of  a 
trilobite. 

The  fossil  which  most  distinctly  characterises  the 
foreshore  of  this  northern  end  of  Constantine  Bay  is 
a  species  of  Conidaria.  It  occurs  as  nearly  black 
flattened  fragments  on  the  surface  of  the  shale,  which 
often  retain  the  surface  markings,  but  in  no  cases  are 
the  specimens  sufficiently  perfect  to  allow  of  specific 
description.  The  largest  piece  found  is  36  mm.  in 
length  by  11  mm.  in  width.  The  segmental  lines 
are  depressed  ;  the  transverse  lines  run  nearly 
straight,  or  with  a  slight  forward  curve  from  the 
segmental  furrow.  These  transverse  lines  are 
numerous,  parallel,  and  closely  set,  from  3  to  4  in 
one  mm.,  i.e.,  from  '25  mm.  to  '33  mm.  apart ; 
their  raised  edges  most  frequently  appear  as  slightly 
channelled  out,  but  when  best  preserved,  they  consist 
of  rows  of  very  minute  beads  or  tubercules.  In  the 
surface  markings,  this  form,  according  to  Dr.  Hinde, 
differs  from  all  the  other  known  species  from  the 
Devonian  rocks  of  America  and  Germany,  principally 
in  the  marked  fineness  of  the  transverse  lines,  and 
it  probably  belongs  to  a  new  species.  Curiously 
enough,  there  is  not  a  single  example  of  this 
genus  from  the  Devonian  rocks  of  this  country, 
either  in  the  British  Natural  History  Museum,  or 
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in  the  Museum  in  Jermyn  Street.  The  specimens  at 
Constantine  Bay  are  by  no  means  uncommon,  but 
they  all  appear  to  belong  to  a  single  species. 

Near  high-water  mark  on  the  foreshore  of  this 
bay  two  large  pyritized  forms,  15-18  inches  long,  by 
8  inches  deep,  were  found,  resembling  in  appearance 
some  forms  of  Crustacea.  One  of  these  specimens 
will  be  found  in  your  museum,  so  you  can  speculate 
for  yourselves  as  to  its  probable  origin.  The  second 
specimen  is  in  the  possession  of  Mr.  Samuel 
Tresidder,  jun.,  of  Falmouth,  who  was  my  companion 
on  several  of  my  expeditions. 

In  the  rocks  skirting  the  southern  end  of  Con- 
stantine Bay  and  around  Constantine  Island,  there  are 
numerous  organic  remains,  among  which  crinoids  are 
conspicuous,  but  nothing  of  special  interest  was  found. 
The  rocks  bounding  Tregarnon  Bay  on  the  north 
appear  to  be  devoid  of  fossils. 

Mr.  G.  C.  Crick  writes  as  follows,  touching  some 
Trevone  fossils  I  sent  him  in  Oct.,  1894.  "Among 
the.  Cephalopods  I  recognise  a  Goniatite  (Tomoceras) 
closely  allied  to,  if  not  identical  with,  the  Upper 
Devonian  form,  Goniatites  retrorsus  umhilicatus, 
G.  L.  F.  Sandbergen  (Verst.  Nassau,  1850-56,  p.  100, 
pi.  X.  fig.  1  ;  and  pi.  x^  figs.  11,  12,  13),  which, 
according  to  Gumbel,  is  a  synonym  of  Goniatites 
globosus,  Munster."  This  specimen  can  be  seen  at 
the  British  Museum.  (Nat.  Hist.) 

Mr.  T.  Rupert  Jones,  F.R.S.,  has  also  identified 
Styliolcb  in  the  shales  from  the  low  clifis  at  Trevone. 


ILLUSTRATIONS  OF  CORNISH  FOSSILS. 

By  J.  H.  Collins,  F.Q.S. 

(Read  at  the  Annual  Meeting,  2nd  November,  1894.) 


II.    FURTHER  NOTES  ON  PETRAIA. 

In  my  former  note  on  this  genus  {antey  p.  553),  I 
remarked  that,  as  stated  long  ago  by  Lonsdale  and 
others,*  the  calyx  was  supported  by  a  stem,  and  I 
quoted  an  observation  of  Mr.  Giles,  referring  to  a 
specimen  from  Liskeard  in  support  of  this  view. 
Professor  McCoy  had  noticed  the  same  character  in 
his  P.  gigas,  of  which  he  wrote,  "  its  small  end  (Le, 
of  the  internal  cast  or  cavity)  obtuse  from  the  filling 
up  of  a  considerable  length  of  the  base  of  the  coral 
by  nearly  solid  sclerenchyma.^'\  The  fossils  illustrated 
in  Plate  B,t  which  are  among  those  preserved  in^  our 
museum,  fully  confirm  this  character  in  at  least  three 
species,  and  I  do  not  doubt  that  it  existed  in  all. 


♦  See  Phillips,  Pal.  Foss.  pp.  2-4,  1841  ;  Lamoureux,  Expos.  Method 
des  Genres  des  Pohjp,  &c.  The  descriptions  and  drawings  of  Lamoureux 
are  too  general  and  imperfect  to  be  of  much  value  in  classification.  He 
says,  however,  that  at  Grignon  "  ils  sont  fixds  par  leur  partie  inft^rieure 
r^trecie  presque  un  point  aigue  ;  dans  les  individus  en  bon  ^tat  1  'on 
trouve  encore  le  p^dicelle  bien  distinct  du  polypier,  avec  I'extrdmitcS 
cass^e."  t  Brit.  Pal.  Foss.  74,  1861. 

J  The  plate  facing  p.  569  ante  is  wrongly  marked  B  j  it  should  have 
bt*en  A.     The  description  on  p.  659  is  correct. 


646  Illustrations  of  Cornish  Fossils.       [Nov.  2, 

Fig.  1  is  drawn  from  the  specimen  (No.  101),  which 
seems  to  be  a  cast  of  P.  celtica  (c),  lying  within  a 
long  conoidal  "stem'*  cavity  originally  filled  with 
calcareous  substance,  of  which  traces  only  remain  (at 
a  a).  This  specimen  is  from  Punch's  Cross,  Polruan. 
Fig.  3  represents  a  similar  specimen  (No.  108)  from 
Fowey,  but  in  this  case  the  whole  of  the  calcareous 
substance  has  been  removed.  From  the  form  and 
proportions  I  take  this  to  be  a  young  specimen  of 
P.  elongata.  Fig.  2  is  drawn  from  a  larger  and 
finer  specimen  (No.  109)  from  Polruan.  The  raised 
bands  (at  a  a)  consist  of  siliceous  material,  apparently 
occupying  old  cracks  and  fissures  ;  they  now  stand 
up  above  the  general  level  of  the  corroded  surface, 
and  at  first  sight  would  seem  to  suggest  that  the 
"  stem  "  portion  of  the  coral  had  a  tabulate  structure, 
A  closer  examination  shews  that  this  was  not  the 
case,  the  appearance  in  question  being  due  to  local 
silicification  after  the  "  stem  "  had  become  cracked 
across  in  several  places.  The  cup  in  this  specimen, 
as  in  so  many  more,  seems  to  have  been  crushed  flat, 
so  as  to  quite  obliterate  the  cavity,  but  there  is  no 
sign  of  fracture.  Traces  of  the  calcareous  substance 
still  remain  undissolved  (at  6),  from  which  it  may  be 
seen  that  the  exterior  "ribs"  of  the  coral  were 
studded  with  minute  tubercles.  Indications  of  the 
recurved  rim  (as  in  P,  celtica,  Plate  A,  figs.  3  and  5) 
may  be  seen  at  c  and  also  at  d  d.  In  general  the 
conoidal  cavities  are  striated  longitudinally,  the 
striae  being  apparently  continuous  with  those  of  the 
exterior  of  the  calyx. 
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The  "stem"  seems  to  have  consisted  of  "dead" 
substance     (sclerenchyma)     left     behind     by     the 
organism   as  it  grew  continuously  upward,  and   it 
probably    passed     gradually     into     the     "  living " 
substance   of    the   calyx,   which   was    flexible    near 
its  rim,  the  rigidity  of  the  lower  portions  of  the 
ribs   being  due   to   the   gradual  coalescence   of  an 
orderly  assemblage  of  calcareous  granules  developed 
within  the  "flesh"  of  the  animal.      The  successive 
stages   would   have  been   indicated   by  a  series  of 
tabulse,  had  the  growth  been  intermittent  and  not 
continuous.     Fig.  9,  a,  6,  c,  d,  is  an  ideal  represen- 
tation of  four  stages  in  the  growth  of  P.  celtica.     In 
each  species  the  younger  individuals  had  probably 
fewer  ribs  than  the  older,  several  of  the  secondary 
ribs   appearing   at   the   base    of   the   calyx   as   this 
advanced  by  gradual  additions  to  the  solid  cone  of 
the  "  stem  "  with  increasing  age.    Nevertheless,  there 
seems  to  be  but  little  difficulty  arising  from   this 
cause,  in  establishing  seven  species  as  occurring  in 
the  rocks  of  Eastern  and  Central  Cornwall.     These 
are   founded    partly   upon   the   number  of  ribs   or 
ridges  existing  at  the  base  of  the  internal  cast  of 
the  calyx,  partly  upon  their  form  and  sculpturing, 
and  partly  upon  the  size  and  the  relative  dimensions 
(ratio  of  diameter  to  depth)  of  the  cup.*     Of  course 
one  cannot  be  quite  sure  of  the  determinations  in  all 
cases  until  more  calcareous  specimens  have  been  met 

♦  The  ratio  of  longer  to  shorter  diameter  (D :  d),  as  suggested  by 
PhiUips,  is  very  rarely  applicable,  as  most  of  the  specimens  have  been 
crushed  flat  before  fossilization. 

2  X 
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with,  but  I  have  found  provisionally-named  specimens 
in  our  museum  which  seem  to  correspond  fairly  with 
most  of  the  species  proposed  by  Phillips,  Couch,  and 
McCoy.  The  following  sunmiary  of  the  characters  of 
the  genus  and  of  the  seven  species  here  adopted  will 
be  found  convenient  for  reference  and  comparison : 

Petraia  (Mtinster).  A  genus  of  solitary  corals, 
cup-shaped,  without  dissepiments,  tabulse,  or  cola- 
mella  ;  the  interior  of  the  cup  distinctly  bilateral 
and  symmetrical ;  the  rim  thin  and  flexible  ;  the  base 
("  stem  ")  solid  and  conical.* 

1.  Petraia  celtica. 
Turhinolia  celtica  (Lamoureux). 
Turbinolopsis  celtica  (Phillips). 
Cyathophyllum  celticum  (Milne-Edwards). 

"  Stem  "  slender  ;  length  four  or  five  times  the  dia- 
meter of  the  calyx,  the  exterior  finely  striated ;  the 
exterior  of  the  "  calyx "  exhibiting'  from  40  to  48 
rather  smooth  and  rounded  ridges  or  "ribs,"  with 
intermediate  secondary  ridges.  These  ridges  are 
crossed  by  a  moderately  developed  and  rather  irre- 
gular series  of  concentric  grooves,  which  almost  convert 
the  primary  ribs  into  a  series  of  knobs  or  projections, 
and  suggest  "  lines  of  growth."  The  internal  cast  is 
conspicuously  marked  by  from  20  to  24  ridges, 
separated  by  narrow  grooves,  which  become  deeper 
as   they  recede   from   the  rim.      In  well-preserved 


*  This  definition  excludes  P.  subdupli^ata  and  several  other  species 
formerly  referred  to  the  genus,  but  which  are  now  definitely  ckimed 
by  Nicholson  and  Thomson  for  their  genus  Ltndstrcgmia.  It  also 
t'xcludes  the  genu.s  ZajihrentU. 
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specimens  these  ridges  are  studded  with  regular  rows 
of  minute  projecting  tubercles.  The  characteristic 
smooth  and  cleft  monticule  which  represents  the 
very  bottom  of  the  cup  rises  from  among  these  ridges. 
Diameter  of  calyx  1  in.  to  1^  in. ;  internal  depth 
something  less.  All  the  above  characters  are  very 
fairly  represented  in  Plate  A,  figs.  1  to  5,  and  Plate 
B,  fig.  1. 

Localities. — The  Camel  Slate  Quarry,  St.  Columb 
Porth,  Dinas  Cove,  and  several  quarries  of  slate  and 
building  stone  near  Bodmin,  Wadebridge,  and 
Liskeard.  Also  at  Punch's  Cross,  St.  Saviours, 
Keady  Money,  and  other  localities  in  the  neighbour- 
hood of  Fowey  and  Polruan,  and  at  East  Looe. 
Perhaps  too  at  the  Gribben,  Polkerris,  Crinnis,  and  the 
Blackhead,  but  probably  not  at  South  Petherwyn 
or  Tintagel. 

2.  Petraia  gigas  (McCoy). 

Not  Petraia  gigas  (Yandall)  from  Kentucky. 

Cyathophyllum  Bucklandi  (Milne-Edwards). 

"  Stem "  unknown ;  the  calyx  much  more  obtuse 
than  P.  celtica,  its  depth  being  very  much  less  than 
its  diameter,  which  in  adult  specimens  is  from  2  in. 
to  2|  in.  The  exterior  shows  from  36  to  40  smooth 
flattened  or  slightly  hollowed  ridges  without  tubercles, 
which  are  increased  from  72  to  80  near  the  rim,  their 
greatest  width  being  nearly  two  lines  in  fine  speci- 
mens. The  internal  cast  is  very  obtusely  conoidal, 
the  cleft  monticule  very  distinct,  but  only  slightly 
elevated.  All  the  above  characters  are  fairly  illus- 
trated in  Plate  C,  figs.  1,  2,  3. 

2x2 
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The  specimens  hitherto  met  with  are  not  at  all 
well  preserved,  though  traces  of  the  calcareous  sub- 
stance often  remain.  Fig-1,  Plate  C,  represents  one 
of  two  fairly  preserved  casts  which  exist  side  by  side 
on  the  same  slab  of  dark  slate  from  Newquay  (No. 
104  in  our  Museum). 

This  is  apparently  the  species  found  by  Mr.  Giles 
in  the  Roseland  Quarry,  near  Liskeard,  of  which  he 
says,  "The  most  beautiful  and  by  far  the  largest  I 
have  ever  seen — 2j  in.  by  2f  in.  The  exposed  side 
shews  21  ribs,  all  connected  by  small  granular  pro- 
cesses. The  ribs  are  entire  on  the  narrow  part  of  the 
specimen  up  to  half  the  length  of  the  lamella,  then 
divided  into  pairs  by  less  deeply  marked  lines,  the 
ribs  very  deep  where  undivided."* 

Localities. — Newquay  (very  common  according  to 
McCoy),  St.  Saviour's,  Polruan,  Roseland,  near  Lis- 
keard, &c. ;  perhaps  the  Blackhead,  near  St.  Austell. 

3.  Petraia  pluriradialis. 

Turbinolopsis  pluriradialis  (Phillips). 

Cyathophyllum  bina,  pars  (Milne-Edwards). 

"  Stem "  attenuated  and  curved,  the  calyx  some- 
what broader  than  its  depth,  its  external  surface 
marked  with  from  70  to  80  faint  longitudinal 
undulations,  crossed  by  concentric  "  lines  of  growth." 
The  internal  cast  obtusely  conoidal,  but  less  so  than 
P.  gigaSf  the  ribs  pitted  and  separated  by  deep  clefts, 
the   monticule    only   moderately   elevated   and   but 

♦  Trans,  K  G.  S.  G.  vol.  vii.  pp.  169-174.  See  also  the  detailed 
dericriptions  given  by  McCoy,  BrU,  Pal.  Rocks  and  FossUsy  1861,  and 
Cant.  Pal  1854. 
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slightly  cleft.      For  illustrations   see  Phillips,  Pal, 
Foss.     PI.  11,  figs.  5-7. 

Localities. — Fowey,  Polruan,  Rosevale,  and  perhaps 
Pridmouth  and  the  Gribben. 

4.  Petbaia  elongata. 
Turhinolopsis  elongata  (Lonsdale), 

"  Stem  "  elongated  to  five  or  six  times  the  diameter 
of  the  calyx,  into  which,  externally,  it  passes  without 
any  abruptness  ;  the  external  surface  finely  striated  ; 
the  calyx  marked  with  concentric  "  lines  of  growth," 
but  not  very  distinctly.  The  ribs  increase  from 
40-48  near  the  bottom  of  the  calyx,  to  about  double 
as  many  near  the  rim,  where  they  are  somewhat 
flattened,  as  in  P.  gigas.  The  internal  cast  is 
columnar-conoidal,  in  fine  specimens  about  1\  in. 
to  1^  in.  deep,  and  about  1  in.  in  diameter;  it 
exhibits  the  same  number  of  ribs  as  the  exterior, 
but  these  are  thin  and  fine,  and  covered  with  minute 
tubercles  in  some  instances.  Fig.  2,  plate  B,  is 
sketched  from  a  fine  specimen  from  Polruan  (spec. 
No.  109) ;  fig.  3  is  from  a  much  smaller  specimen 
from  Fowey  (No.  108);  figs.  4  and  5  are  sketched 
from  natural  sections  occurring  in  dark  calcareous 
slate  at  Polruan  (No.  389).  t 

Localities. — Fowey,  Polruan,  &c. 

5.  Petraia  pauciradialis. 
Turhinolopsis  paxiciradialis  (PhilL). 
Cyathophyllum  bina,  pars  (Milne-Edwards). 

t  These  sections  at  first  glance  seem  to  suggest  the  existence  of  a 
distinct  columella,  but  this  entirely  deceptive  appearance  is  due  to  the 
fact  that  the  sections  have  cut  the  corals  not  axially  but  very  near  the 
side,  so  including  parts  of  the  walls  at  a  a. 
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"  Stem  "  unknown ;  the  exterior  of  the  calyx  shews 
from  12  to  18  ridges  near  the  base,  which  are 
increased  to  20-24  at  the  rim.  The  calyx  is  about 
1  in.  in  diameter  and  |  in.  in  depth  in  well-grown 
specimens.  The  internal  cast  shews  the  same  number 
of  ribs  as  the  exterior.  The  monticule  is  but  little 
elevated  and  elliptical ;  it  exhibits  scarcely  a  trace 
of  the  "keyhole"  extension  into  and  among  the 
ribs,  which  is  so  characteristic  in  P.  celtica  and  P. 
gigas. 

Localities. — Fowey,  Polruan,  Dinas  Cove,  Black- 
head. 

6.  Petraia  minimus  (Auct). 

This  is  a  very  small  but  well-marked  species ;  the 
"stem"  seems  to  have  been  considerably  curved,  broad 
in  proportion  to  its  length,  and  marked  with  several 
transverse  ridges,  as  indicated  in  fig.  7,  plate  B.  The 
cast  of  the  calyx  exhibits  from  10  to  12  broad  flat 
ribs,  each  having  four  or  five  narrow  ridges  on  its 
broad  end  near  the  "  rim,"  as  shewn  in  fig.  8,  a.  6.  c. 
No  specimen  shewing  traces  of  the  calcareous  sub- 
stance has  been  so  far  met  with. 

Localities, — Padstow,  Menheniot,  Blackhead, 

7.  Petraia  Trelawniensis  (Auct). 
Astrwa  Trelaivniensis  (Couch). 

This  fine  species  is  so  far  only  known  by  a  few 
very  imperfect  fragments,  the  best  consisting  of  a 
flattened  cast  of  the  calyx,  which  shews  from  30  to 
40  ribs  near  the  base,  and  these  are,  as  usual,  increased 
(to  about  70)  tow^ards  the  rim. 

The  calyx  in  full-grown  specimens  must  have  been 
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at  least  6  inches  high  and  wide.  The  ribs  on  the 
cast  are  distinct  flattened  ridges,  separated  by  grooves 
a  third  of  an  inch  or  more  in  width,  and  having  a 
distinct  transverse  sculpturing.  The  monticule 
("central  disc"),  according  to  Couch,*  was  "nearly 
round,  and  2^  in.  in  diameter,  'but  this  must  have 
fallen  away,  for  there  is  no  trace  of  it  visible  now 
in  either  of  the  specimens  (Nos.  218  and  243). 

Fig  4,  Plate  C,  is  a  sketch  of  Couch's  best  speci- 
men as  it  now  exists,  and  fig.  5  represents  parts  of 
three  of  its  ridges  slightly  magnified. 

The  foregoing  seven  species  of  Petraia  include  all 
the  forms  at  present  known  to  the  writer,  whose 
characters  seem  to  fall  within  the  limits  of  the  genus 
as  above  defined.  The  specific  characters,  except 
those  of  P.  celtica,  being  mostly  founded  on  damaged 
casts,  must  be  regarded  as  more  or  less  provisional, 
until  more  calcareous  and  better  preserved  specimens 
are  found,  yet  it  is  hoped  that  no  great  amount  of 
modification  may  be  necessary. 

Keference  has  already  been  made  to  McCoy's  P. 
subduplicata,  which,  together  with  some  other  par- 
tially described  species,  seems  to  belong  to  Nicholson 
and  Thomson's  genus  Lindstrcemia.  Hall's  P.  calicula 
and  P.  corniculum  are  perhaps  more  like  Zaphrentis^ 
and  the  same  may  be  said  of  Billing's  P.  canadense. 

*  Trans,  R  0,  S.  C.  vii.  p.  244. 
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CORNISH    FOSSILS. 
Description  of  Plate  B. 

Fig.  1.  Petraia  Cdtica^  shewing  internal  caBt  with  traces  of  tti 
calcareoas  "  stem  "  at  a  a.  From  specimeii  Na  lOL 
Pokoan;  nat.  size. 

2.  P.  elongata^  shewing  traces  of  the  re-curved  lim  (al  e  mI 

also  at  dd)\  of  the  exterior  calcareous  substance  (li 
h) ;  and  of  the  solid  sderenchyma  of  the  "  stem,"  wifll 
silicified  bands  filling  old  cracks  and  simulatixig  tainh 
lation  (at  a  a).  From  the  natural  section,  spec  IToi 
109.     Polruan;  nat  size. 

3.  P.  elongatay  shewing  cast  of  calyx  lying  in  "stem"  cavity. 

From  the  small  specimen  No.  108.     Fowej;  nat  siza 

4.  5.  P.  elongata,  from  natural  sections  in  specimen  No.  389. 

Polruan ;  nat  size. 

6.  P.  pauciradialia,  shewing  elliptical  form  of  the  monticale 

without  "keyhole"  extension.  From  specimen  Na 
103.     Fowey ;  nat  size. 

7.  P.  minimus  J  cast  of  calyx  lying  in  a  transversely  sculp- 

tured and  curved  stem  cavity.  From  specimen  No. 
377.     Menheniot ;  four  times  nat  size. 

8.  P.  minim  us,  a  cast  of  calyx,  natural  size;  5,  the  same 

magnified  about  three  times ;  c,  portion  of  one  rib  x  & 
From  specimen  No.  378.     Padstow. 

9.  P.  celtica.     Ideal  sections  illustrating  different  stages  of 

growth. 

Desmption  of  Plate  C. 

Fig.  1.  Petraia  gigas,  shewing  flattened  cast  of  calyx.  From 
specimen  No.  104.     Newquay;  nat.  size. 

2.  P.  gigaSy  shewing  cleft  monticule.     From  specimen  No. 

105.     Polruan ;  nat.  size. 

3.  P.  gigas,  cross  section  shewing  form  of  ribs  for  compari- 

son with  P.  celtica,  fig.  46,  Plate  A. ;  nat  size. 

4.  P.  Trelawniensis,  from  specimen  No.   218.      Trelawne; 

nat.  size. 

5.  P.  Trelawniensis,  shewing  the  sculpturing  of  the  cast  of 

the  ribs ;  a  little  enlarged. 
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THE  FORAMINIFERA  OP  THE  PLIOCENE 

BEDS  OF  ST.  ERTH. 

By  Fortescub  William  Millett. 

(Read  2nd  November,  1894.) 


THIRD  NOTICK 

Although  the  fossiliferous  portions  of  the  St.  Erth 
beds  are  no  longer  accessible,  a  sufficient  quantity  of 
the  clay  has  been  retained  for  examination,  and  it 
will  be  possible  to  make  a  tolerably  complete  list 
of  its  microzoa. 

The  portion  last  exposed  showed  no  evidence  of 
stratification,  and  the  contained  organisms  were  not 
only  less  abundant,  but  less  varied  in  character.  In 
the  portions  first  opened  there  were  distinct  signs  of 
stratification,  and  one  thin  layer  in  particular,  which 
was  of  a  lighter  colour,  and  largely  made  up  of 
fragments  of  bivalve  moUusca,  was  exceedingly  rich 
in  foraminifera,  and  contained  forms  which  have  not 
been  found  in  any  other  parts  of  the  deposits. 

Of  the  forty-eight  forms  now  added,  forty-two 
still  exist,  twenty-five  of  these  being  found  on  the 
coasts  of  the  United  Kingdom.  Of  the  remainder, 
eight  are  for  the  first  time  recorded  as  fossil,  and 
five  are  new  to  science. 
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Haplophragmium  canariense  is  represented  by  a 
single  fragment,  which  is,  however,  sufficient  to 
permit  the  determination  of  the  species. 

Spiroplecata  amencana  and  Textularia  sagittula 
appear  separately  in  the  following  list,  although  the 
former  is  probably  only  a  form  of  the  latter,  as 
suggested  by  Joseph  Wright.  F.  Chapman's  re- 
searches on  the  foraminifera  of  the  Gault  show  that 
several  species  of  Textularia  have  their  Spiroplectine 
forms. 

Bolivina  gibbera,  no  v.  sp.  (Plate,  figs.  1,  2). 
Test  ovoid,  compressed,  margin  obtuse,  lobulated, 
segments  few  and  inflated,  sutures  deeply  sunk, 
surface  minutely  punctate,  aperture  pandurifonn, 
sometimes  circular,  surrounded  by  a  thickened  lip, 
and  situated  in  a  more  or  less  produced  neck. 

This  species  is  nearly  allied  to  B.  textilarioides. 

Trifacial  forms  occur  of  L.  Icevigata,  L.  lucida, 
L.  marginata^  L,  quadmcostulata  and  L.  orbignyana. 
Two  of  these  appear  in  the  former  list  under  the 
names  of  L.  trigono-oblonga,  Seguenza,  sp.  and 
L.  tngonO'Tnarginata,  Parker  and  Jones,  but  it  is 
more  than  doubtful  if  these  trifacial  forms  are 
worthy  even  of  sub-varietal  distinction. 

Besides  the  compressed  Lagenae  with  one,  two  or 
three  peripheral  carinse,  each  of  which  has  been 
raised  to  specific  rank,  there  are  here  specimens  in 
which  the  three  keels  are  supplemented  on  the 
lateral  faces  of  the  test  by  one  or  more  concentric 
raised  rings  on  either  side,  and  the  spaces  between 
the  carinae  and  the  rings,   and   between   the  rings 
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themselves,  are  cellular  or  crossed  by  fine  lines. 
These  characters  are  more  strongly  marked  in 
specimens  from  the  shores  of  Misaki  in  Japan,  and 
will  be  figured  and  more  fully  described,  under  the 
name  of  Lagena  yokoyamce^  in  a  paper  on  the 
foraminifera  of  that  district,  now  in  course  of 
preparation. 

Lagena  cymhceformis^  nov.  sp.  (Plate,  fig.  3, 
a,  b,  c,).  Test  compressed  and  much  depressed, 
quadrilateral,  oral  and  aboral  lines  parallel,  the 
lateral  margins  sloping  towards  the  aboral  line, 
lateral  faces  inclined  towards  the  aboral  line  and 
curved  towards  the  lateral  margins — margins  rounded, 
oral  surface  obtusely  fusiform,  concave  in  the  centre, 
aperture  circular,  central,  entosolenian. 

This  may  be  described  as  resembling  a  boat  with 
two  bows,  the  deck  being  depressed  in  the  centre. 
The  transverse  section  is  triangular  with  the  angles 
rounded.  The  entosolenian  neck  is  attached  to  one 
side  of  the  test,  as  usual  with  the  compressed  LagencB. 
It  nearly  approaches  the  L.  depressa  of  Chaster, 
from  which  it  may  be  distinguished  by  its  angularity 
and  greater  depth. 

Lagena  cornubiensts,  nov.  sp.  (Plate,  fig.  4,  a,  b,). 
Test  oval,  compressed,  lateral  faces  convex,  with 
numerous  parallel  striae,  a  narrow  furrow  with  raised 
edges  indents  the  aboral  moiety  of  the  peripheral 
margin,  the  entosolenian  neck  crosses  one  of  the 
lateral  faces  diagonally. 

This  is  the  species  described  in  the  former  list  as 
"Z.  marginata,  var.,  with  striae." 
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Besides  the  L.  incBquilateralis  of  Joseph  Wright, 
there  are  specimens  of  the  equally  biconvex  L 
marginatay  which  have  the  same  curiously  hooded 
aperture, 

Frondicularia  is  represented  by  a  single  im- 
perfect specimen  which  differs  from  any  described 
species. 

Polymorphina  regularise  var.  parallela,  nov.  var. 
(Plate,  fig.  5,  a,  b.)  This  variety  has  the  characters 
both  of  P.  regvlaris  and  P.  frondiformis.  It  differs 
from  the  former  in  having  the  lateral  faces  parallel, 
and  from  the  latter  in  the  fact  that  the  sutures  do 
but  rarely  reach  the  central  line  of  the  test,  leaving 
a  clear  space  from  the  oral  to  the  aboral  ends. 

Ramulina.  It  is  questionable  if  the  specimens 
assigned  to  this  genus  are  not  really  the  detached 
outgrowths  of  various  species  of  Polymorphina; 
they  are  numerous  in  the  St.  Erth  clay,  although 
the  tubulous  Polymorphince  are  but  sparingly 
represented. 

PulvinuUna  nitidula.  Chaster.  There  are  several 
specimens  of  this  interesting  form.  The  test  is 
quite  transparent,  and  the  sutures  on  the  superior 
and  inferior  surfaces  being  curved  in  opposite  direc- 
tions give  it  the  appearance  of  being  coarsely  engine- 
turned. 

PulvinuUna  pygmaa^  Hantken.  Dr.  Brady,  in 
his  Challenger  Report,  gives  this  as  "  Timncatulim 
pygmcea,  Hantken,"  but  it  is  only  in  the  description 
of  the  plate  that  Hantken  calls  it  "  Tmncatulina,' 
From  the  characters  of  the  St.   Erth  specimens  it 
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appears  to  be  a  true  Pulvinulina,  and  as  such  it  is 
here  recorded. 

Faujctsina  is  represented  by  two  forms,  namely 
the  F.  carinata  of  d'Orbigny,  in  which  the  whorls 
are  aU  visible  on  the  plane  surface,  and  the  F. 
orhignii  of  Terquem,  in  which  only  the  last  whorl 
is  shown. 

There  are  still  many  species  undetermined  which 
will  form  the  subject  of  a  concluding  notice. 
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ADDITIONAL  LIST  OF  FORAMINIFERA   FROJl 
THE  PLIOCENE  BEDS  OF  ST.  ERTH. 


Biloculina  depressa,  var,  murrhyna,  Schwager.     Very  rai 
Miliolina  circularis,  Bomemann,  sp.     Eare. 
Haplophragmium  canariense,  cCOrHgny,  sp.     Very  rare. 
Textularia  sagittula,  Defrance,     Frequent, 
gramen,  d*Orhigny.     Eare. 
quadrilatera,  Schwager,    Very  rare, 
globulosa,  Ehrenberg.     Rare, 
concava,  Karrer.    Very  rare. 
Spiroplecta  americana,  Ehrenberg.    Frequent. 

„         rosula,  Ehrenberg,    Very  rare. 
Verneuilina  spinulosa,  Reuss,     Rare. 
Clavulina  parisiensis,  d'Orhigny.     Yery  rare. 
Bulimina  aculeata,  d'Orhigny.     Rare. 
Bolivina  beyrichi,  Reuss.     Rare. 

„       obsoleta,  Eley,  sp.     Very  rare. 
„       gibbera,  nov.  sp.     Frequent. 
Lagena  sulcata,  var.  interrupta,  Williamson,     Rare. 
„      seminuda,  Brady.     Rare. 
„      fiinbriata,  Brady,     liare. 
„     staphyllearia,  Schwager.     Very  rare. 
„      longispina,  Brady ^  compressed  var.     Very  rare. 
„     cymbtfeformis,  nov.  sp.     Rare. 
„      cornubiensis,  nov.  sp.     Rare. 
„     yokoyamae,  nov.  sp.     Rare. 
„      marginata,  var.  inicquilateralis,  Wright,     Rare. 
„      quadricostulata,  Reuss.     Abundant. 
Nodosaria  radicula,  Linne,  sp.     Rare. 

calomorpha,  Reuss,     Very  rare. 
(D)  pauperata,  d'Orhigny.     Rare. 
Lingulina  carinata,  d'Orbigny.     Rare. 
Frondicularia,  sp. 
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Polymorphina  concava,  WUliainaon.     Rare. 

sororia,  Reuss,    Very  rare. 

gibba,  d'Orhigny,     Bare. 

complanata,  cCOrhigny,    Very  rare. 

angusta,  Egger,     Rare. 

regularis,  var,  parallela,  nov.  var. 

fusiformis,  Boemer.     Rare. 
(?)  Ramulina. 

Globigerina  inflata,  (TOrbigny.    Rare. 
Spirillina  limbata,  var.  denticulata,  Brady.    Frequent 
Discorbina  bertheloti,  dVrbigny,     Rare. 
Pulvinulina  nitidula,  Chaster.     Rare. 

pygmsea,  Hantken,     Rare, 
karsteni,  Retiss,  sp.     Frequent 
hauerii,  d*Orbigny,  sp.     Abundant 
Polystomella  subnodosa,  Milnster,  sp.    Frequent 
Amphistegina  lessonii,  d!Orhigny.    Very  rare. 


EXPLANATION  OF  PLATE. 


Figs.  1,  2.     Bolivina  gthbera,  nov.  sp. 

a.  Lateral  aspect ;  b,  peripheral  aspect. 
Fig.  1  X  75  ;  fig  2  x  90. 
Fig.  3.  Lagena  cymbceformis^  nov.  sp.  x  135. 

a.  Lateral  aspect;  b,  oral  aspect;  c.  peripheral  aspect. 
Fig.  4.  Lagena  comubiensis,  nov.  sp.  x  90. 

a.  Lateral  aspect ;  b.  peripheral  aspect 
Figs.  5,  6.     Polymorphina  regularis,  yslt.  paraUela,  nov.  var.  x  135. 

a.  Lateral  aspect ;  b,  oral  aspect 


ON  THE  PROBABLE  AGE  OF  THE  LIZARD 

ROCKS. 

Bt  Alexander  Somervail. 

(Read  2nd  November,  1894.) 


This  paper  is  offered  as  a  conclusion  to  a  series  of 
papers*  by  myself  on  the  Lizard  Rocks.  I  had  the 
pleasure  last  year  of  reading  before  you  one  of  these, 
on  "  The  Origin  and  Relations  of  the  Lizard  Rocks." 
In  the  present  paper,  which,  in  a  certain  sense,  is 
meant  to  be  final,  I  might  have  been  more  modest, 
and  substituted  the  word  possible  for  "probable." 
This  much  will  at  once  indicate  to  you  that  I  hold  no 
dogma  with  regard  to  the  age  of  these  most  interest- 
ing rocks.  I  can  only  place  before  you  the  "  pros  and 
cons  "  of  the  subject ;  at  the  same  time  indicating  the 
opinion  to  which  I  most  incline,  with  my  reasons  for 
doing  so.  This  may  seem  to  many  of  you  a  very 
indefinite  subject,  but  the  difficulties  attached  to  the 
settlement  of  the  question  are  both  many  and  great 
I  only  feel  justified  in  dealing  with  this  matter,  on  the 
ground  that  every  contribution  of  a  similar  nature 
tends  to  hasten  the  solution  of  the  problem,  provided 

4 

♦  Cfeol.  Mag.  vol.  5,  1888,  p.  553  ;  ibid.  vol.  6,  1889,  pp.  96,  114,  423 ; 
vol.  7,  1890,  pp.  161,  505  ;  vol.  8,  1891,  p.  46  ;  vol.  9, 1892,  pp.  364,  565. 


^ov.  2, 1894.]  of  the  Lizard  Rocks.  663 

ihat  it  is  not  perplexed  by  unsound  observations  and 
ieductions. 

At  the  outset  of  this  enquiry  let  me  remark  that  if 
ill  the  Lizard  Rocks  should  ultimately  be  found  to  be 
)f  one  age,  that  is,  belonging  to  the  same  great  period 
>f  eruptions,  however  prolonged,  it  would  certainly 
tend  to  simplify  the  question. 

Sir  H.  T.  De  La  Beche  in  dealing  with  the  age  of 
the  hornblende  rocks,  mentions  the  occurrence  of 
rounded  pieces  of  the  same  in  the  conglomerates  of 
the  Nare  Point,*  which  if  correct  is  conclusive  that 
the  former  is  the  older.  I  believe,  however,  there  is 
3ome  doubt  as  to  this,  as  all  the  fragments  recently 
3ollected  only  resemble  the  latter,  so  that  proof  of 
the  absolute  existence  of  the  hornblende  in  the  con- 
glomerate has  yet  to  be  verified. 

Professor  Bonney  has  described  the  hornblende- 
schists,  the  talco- micaceous-schists,  and  the  granulitic 
gneissose  rocks,  as  Archaean.t  There  is  very  much 
indeed  to  support  this  view,  as  these  rocks  bear  a 
strong  resemblance  and  affinity  to  those  of  the 
Channel  Islands,  which  are  now  almost  universally 
admitted  to  be  of  Archaean  age.  They  also  bear  as 
strong  a  resemblance  to  the  undoubted  Archaean  of 
the  Hebrides  and  the  north-west  of  Scotland.  They 
also  seem  to  claim  a  far  older  origin,  as  far  as  appear- 
ances are  concerned,  than  the  pre-Cambrians  of  the 
Malverns  and  other  similar  areas.  There  is,  however, 
a    point    worthy    of    full    consideration,    viz.,   that 

♦  Geol.  Rep.  of  Corn,  Dev.  and  W,  Som,  p.  30. 
t  Quar,  Jour.  Geo!.  Soc.  39,  1883,  p.  20. 
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similarity,  however  striking,  is  no  absolute  proof  of 
sameness  of  age.  Volcanic  cores,  especially  the  more 
ancient  ones,  formed  under  similar  conditions,  we 
should  naturally  expect  to  present  much  the  same 
structures ;  so  that  there  may  just  be  a  possible 
danger  in  relegating  newer  rocks  having  these 
structures  of  the  Archaean  type  to  that  age. 

But  let  me  now  draw  your  attention  to  certain 
facts  as  they  present  themselves  in  the  field. 

The  section  exposing  the  junction  between  the 
killas  and  the  igneous  rocks  with  which  we  are 
dealing,  on  the  west  coast  at  Polurrian  Cove, 
yields  rather  undecided  evidence.  The  hornblende 
series  there  almost  appear  as  if  they  had  risen 
through  the  slates,  and  even  seem  to  rest  upon 
them  at  the  top  of  the  section,  which,  however, 
may  be  due  to  a  reversed  fault.  On  the  other 
hand,  the  adjoining  killas,  if  the  older  rocks,  show 
not  the  slightest  traces  of  contact -metamorphism, 
nor  any  process  intruded  into  them  from  the  horn- 
blende of  the  latter.  But  again,  the  hornblende 
series  at  the  junction  is  very  highly  altered  indeed 
from  its  normal  condition,  and  that  for  a  consider- 
able distance,  very  gradually  assuming  its  typical 
aspect.  This  phenomenon  reminds  one  of  not  in- 
frequent contacts,  where  the  igneous  rocks  have 
suffered  great  alteration,  and  the  aqueous  very 
little  indeed. 

The  other  section  on  the  east  coast,  at  Porth- 
allow,  exposes  rather  a  different  junction,  which 
is  certainly  more  favourable  to  the  view  that  the 
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killas  are  the  older  of  the  two.  At  the  top  of  the 
section  the  killas  nearest  the  granulitic  gneissose 
rock,  or  granulite,  are  highly  sericitic  near  the 
contact,  becoming  less  so  as  they  recede  from  it. 
They  are  also  much  discoloured  to  a  considerable 
distance  from  the  fault  which  occurs  here,  but 
beyond  this  there  is  no  other  evidence  of  direct 
intrusion  visible. 

Let  me  now  direct  your  attention  to  another  line 
of  evidence.  In  former  papers  on  the  Lizard  Rocks 
I  have  contended  that  the  serpentine  and  gabbro 
seemed  to  me  to  belong  to  the  same  great  period 
of  eruptions,  though  perhaps  in  a  certain  sense 
later  than  some  of  the  associated  rocks.  Now  we 
find  both  of  these  rocks — sometimes  singly,  like 
the  serpentine,  and  both  together — not  only  meta- 
morphizing  the  killas,  but  also  seemingly  intrusive 
into  them. 

In  the  Veryan  Bay  section,  gabbro  and  serpentine 
associated  together,  bearing  a  strong  resemblance  to 
these  rocks  at  the  Lizard,  and  which  we  may  safely 
conclude  are  of  the  same  age,  seem  to  have  un- 
doubted intrusive  relations  to  the  Ordovician  or 
Lower  Silurian  strata  there  exposed.  In  this  case, 
if  I  have  been  correct  with  the  interpretation  of 
the  Lizard  Rocks  as  all  belonging  to  one  great 
geological  period,  then  it  would  clearly  follow  as 
a  matter  of  course  that  they  must  be  of  post- 
Ordovician  age.  Their  post-Ordovician  age  would 
well  agree  with  a  similar  assemblage  of  rocks  . 
occurring  on  the  coiist  of  Ayrshire,  of  aforesaid  age. 

2  Y  2 
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It  has  even  been  mooted  by  some  that,  if  not  all, 
at  least  the  dark  basaltic-like  dykes  cutting  the 
gabbro  and  serpentine,  may  be  as  late  as  the 
Miocene  period,  connected  with  the  great  volcanic 
outburst  of  that  age,  as  exhibited  in  the  North  of 
Ireland,  and  in  the  Hebrides  and  adjoining  coast 
of  Scotland.  These  later  Lizard  dykes — the  last 
efforts  of  the  great  volcanic  cycle,  as  I  would 
regard  them — seem  to  me  to  have  no  claim  to  rank 
with  the  well-known  dykes  of  the  Miocene  for  the 
following  reason :  They  are  entirely  confined  to  the 
area  of  the  Lizard  igneous  mass,  whereas  we  should 
have  expected  them  to  traverse  the  adjoining  killas 
both  far  and  near. 

The  question,  I  think,  now  becomes  narrowed  to 
the  Archaean  or  post-Ordovician  age  of  the  Lizard 
rocks.  The  former  has  a  great  claim,  not  only  from 
the  lithological  aspect  of  the  rocks  themselves,  but 
also  from  the  near  geographical  relationship  they 
bear  to  the  Channel  Island  rocks,  which  are  now 
regarded  as  undoubtedly  Archaean.  The  alleged 
finding  of  the  fragments  of  hornblende  in  the 
conglomerate,  had  it  been  fully  sustained,  with  the 
reasons  just  given,  would  have  been  quite  suflficient, 
I  think,  to  have  closed  the  question  as  to  age.  The 
doubt,  however,  on  this  most  important  point,  taken 
together  with  the  intrusive  gabbro  and  serpentine 
at  Veryan  Bay,  and  the  reasonable  probability  that 
ancient  and  deeply-seated  volcanic  cores  of  different 
ages  may  resemble  each  other  in  their  mineral 
aspects   and   in    their   various    structures,    tends  to 
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make  the  whole  question  under  discussion  a  very 
finely- balanced  one,  and  one  on  which,  for  the 
present,  I  am  strongly  inclined  to  suspend  my 
judgment.  At  the  same  time,  however,  I  must 
confess  that  I  am  rather  predisposed  to  the  view 
of  the  post-Ordovician  age  of  the  Lizard  rocks,  for 
some  other  reasons  than  those  already  given,  among 
which  are  the  following  : 

1st.  No  scrap  of  the  adjoining  killas  are  now 
found  resting  on  the  surface  of  the 
supposed  older  rocks,  although  the  former 
rise  to  as  high  a  general  leveL 

2nd.  The  bounding  fault  (if  a  fault)  running  from 
the  east  to  the  west  coast  follows  a  some- 
what uneven  and  rudely  semicircular 
rather  than  a  straight  line,  seeming  to 
partake  more  of  a  punched  junction  than 
a  fault  proper. 

3rd.  The  mass  of  the  Lizard  Rocks  seems  to 
truncate  certain  of  the  contemporary  green- 
stones in  the  killas,  as  if  it  had  risen 
through  them,  exactly  as  the  granite 
bosses  in  the  killas  do  further  to  the  west 
and  north,  which  bosses,  curiously  enough 
in  some  cases,  leave  the  adjoining  slates 
almost  unaltered. 

The  two  last  reasons,  however,  can  scarcely  be 
regarded  as  perfectly  valid  ones,  as  the  presumed 
Archaean  rocks,  if  forced  up  through  the  killas,  would 
almost  equally  well  account  for  the  irregular  junction 
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or  fault,  and  also  for  the  truncation  of  the  aforesaid 
greenstones,  exactly  as  an  intrusive  mass  would  do. 

Altogether  the  question,  we  see,  is  beset  with  many 
diflficulties.  Although  at  the  present  time  there 
seems  no  other  good  line  of  evidence  open  by  which 
we  can  hope  to  settle  this  question,  still  the  growing 
accumulation  of  more  facts,  both  in  the  Lizard  and 
other  such-like  areas,  will,  I  am  certain,  finally  settle 
the  precise  geological  age  of  these  most  interesting 
rocka 

While  I  have  spoken  with  a  certain  degree  of 
favour  as  to  the  probable  post-Ordovician  age  of  the 
Lizard  rocks,  I  would  limit  this  statement  still 
further  by  confining  it  between  the  terms  "post- 
Ordovician  and  pre-Devonian." 


►N  A  LOGAN  STONE  IN  THE  COURSE   OP 
FORMATION  AT  ST.  MICHAEL'S  MOUNT. 

By  Edward  A.  Wunsoh,  p.o.s. 

(Read  2nd  November,  1894  ) 


^HE  subject  of  this  paper  came  under  my 
otice  more  than  ten  years  ago,  indeed  ever  since 

have  been  in  the  habit  of  travelling  to  Penzance 
y  the  present  railway. 

Soon  after  leaving  St.  Erth  station  the  traveller, 
n  the  look  out  for  beautiful  scenery  —  more 
specially  from  a  left-hand  corner-seat  facing  the 
ngine — will  become  aware  of  St.  Michaers  Mount 
coming  in  the  distance  like  a  fairy  vision,  and 
n  scanning  its  distant  rugged  contour,  crowned  by 
ts  ancient  castle,  he  will  perceive  on  the  western 
irofile  a  streak  of  light  cutting  into  the  massive 
ock  horizontally. 

My  first  recollection  of  this  gleam  of  light  is  that 
f  one  unbroken  line,  but  within  the  last  few  years  I 
Loticed  that  it  had  apparently  extended  inwards, 
nd  that  there  was  a  dark  portion,  an  intenniption  of 
he  line,  in  the  middle. 

This  was  so  much  like  what  the  basement  line  of  a 
3gan  rock  or  rocking  stone  might  be  expected  to  be, 
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that  I  felt  induced  to  examine  it  more  closely,  and 
having  accordingly  inspected  the  rock,  and  thereby 
confirmed  my  own  surmises  on  this  point,  the  next 
step  was  to  secure  a  partner  in  the  enterprise, 
an  artistic  volunteer,  able  and  willing  to  represent 
it  pictorially. 

Such  I  found  in  my  friend  Mr.  Preston,  and  he 
supplying   the    picture,    I    engaged   to   supply  the 


description  of  a  phenomenon  interesting  geologically, 
and  moreover  ha.ving  the  merit  of  being  locally 
connected  so  closely  and  interestingly  with  Penzance. 

Mr.  Preston  and  his  staflf  having  accomplished 
their  share  of  the  undertaking  with  their  accustomed 
talent  and  thoroughness,  my  share  of  the  task  is 
rendered  very  easy. 

I  have  simply  to  refer  you  to  the  photographs, 
which  speak  for  themselves.     You  will  perceive  that 
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this  large  cubical  mass,  the  measurement  of  which  is 
22  X  11  X  4  feet,  and  the  weight  of  which  1  estimate 
at  about  seventy-five  tons,  has  been  laid  bare  by  the 
weathering  and  falling  away  of  the  surrounding 
cubical  masses,  without  itself  moving  away  from 
the  parent  rock,  simply  having  been  denuded  and 
left  in  its  present  isolated  position  by  the  crumbling 
away  of  the  surrounding  rock,  of  which  it  formed 
a  component  part. 

If  you  consider  the  character  of  granitic  rocks 
generally,  as  to  be  seen  typically  at  the  Lands 
End  and  familiar  to  all  of  us  by  photographs 
all  around  us,  you  will  perceive  by  the  numerous 
joints  traversing  the  rock,  that  granite  seems  to 
have  an  inherent  tendency  to  cool  or  consolidate  or 
crystallise,  or  by  whatever  name  we  may  call  a 
process  of  which  we  know  very  little,  into  cubical 
masses  more  or  less  irregular. 

The  joints  thus  produced,  apparently  by  shrinkage, 
are  lined  at  their  contact  surfaces  either  with  a 
softer  material,  or  with  thin  layers  of  rock  of 
a  tesselated  or  incipient  columnar  structure,  and 
are  thereby  rendered  more  readily  accessible  to  the 
action  of  rain  and  frost. 

The  interstices  are  thus  penetrated  split  up  and 
widened  all  round  the  six  sides  of  the  cube,  not 
excepting  the  bottom. 

The  underside  of  the  cube,  being  most  protected 
by  the  deeper  incumbent  weight,  may  be  expected 
to  give  way  last,  but  wind  and  rain  and  frost, 
the  geologist's  figurative  tooth  of  Time,  will  gnaw 


672  A  Logan  Stone  in  FormcUion         [Xot.j, 

their  way  through  it  at  length,  with  the  exception, 
perhaps,  of  that  particular  part,  the  pivot  on  which 
turns  the  centre  of  gravity,  the  tremendous  pressure 
on  which  will,  for  a  time,  prevent  the  disintegration 
of  the  rock. 

On  such  a  pivot  the  rock  described  seems  to 
rest  just  now — but  it  must  be  a  very  rare  occurrence 
that  such  large  masses  as  the  Logan  Rock  near  the 
Land's  End,  and  the  still  larger  mass  recently  dis- 
covered in  the  SciUy  Isles,  should  be  so  delicately 
poised  as  to  admit  of  being  rocked  by  so  small  a 
lever  as  the  arms  or  shoulders  of  a  man.  The  rarity 
of  such  cases,  amongst  the  innumerable  instances 
constantly  tending  towards  such  a  consummation, 
and-  failing  to  attain  it,  is  demonstrated  by  the 
curiosity  and  wonder  with  which  the  comparatively 
few  instances  known  to  us  are  regarded. 

Whether  the  rock  now  described  will  ever  attain 
to  this  equipoised  celebrity  I  am  unable  to  say.  I 
can  only  say  that  it  appears  to  me  to  possess  all  the 
elements  of  an  incipient  rocking  stone.  There  is 
one  underlying  loose  block  of  rock  of  small  size 
plainly  visible  in  the  photograph,  the  removal  of 
which  would  appear  necessary  to  set  the  large  rock 
into  seesaw  motion,  but  there  is  also  a  loose  piece  of 
rock  of  some  tons  weight,  wedged  in  perpendicularly 
between  it  and  the  adjoining  solid  rocks,  and  pre- 
venting its  free  motion. 

For  the  removal  of  this  all  that  is  required  would 
be  a  couple  of  quarrymen  provided  with  proper  sledge 
hammers,    and  the  permission   of  the  noble  owner 


1894.]  at  St.  MichaeVs  Mount  673 

of  the  Mount  to  set  to  work  for  a  couple  of 
hours. 

While  examining  the  west  side,  on  which  this 
rock  occurs,  and,  subsequently,  the  Mount  all  round, 
I  could  not  but  be  struck  with  the  extremely 
interesting  nature  of  the  granitic  rock-mass  of 
which  the  greater  portion  of  St.  Michaels  Mount 
is  composed ;  for,  lower  down  and  extending  to  low 
water  on  the  east  side,  the  slate  rocks  are  seen  in 
close  contact  with  the  granite,  the  two  rocks,  as  it 
were,  interlacing  with  each  other,  while  on  the 
west  side  there  are  still  clearer  exhibitions  of  fine 
veins  of  granite  penetrating  into  the  slate. 

All  these  junctions  and  veins  have  already  been 
ably  described  in  your  Transactions ,  notably  by 
your  late  President,  Sir  Warington  Smyth,  but  the 
question  as  to  the  origin  and  subaerial  emergence 
of  granite  is  by  no  means  solved  as  yet,  and  must 
therefore  remain  a  subject  of  ever-new  interest  to 
the  enquiring  geologist. 

Perhaps  I  may  be  allowed,  in  conclusion,  to 
express  the  hope  that  in  course  of  the  renewed 
activity  of  the  Society,  some  excursions  to  St. 
Michael's  Mount  may  be  arranged,  and  a  renewed 
examination  and  study  of  its  rocks  undertaken  by 
the  members. 


SOME  NOTES  ON  THE  KERGILLIACK  ELVAN. 

By  Francis  J.  Stephens. 

(Read  2nd  November,  1894.) 


It  has  long  been  known  that  nodules  of  graphite 
were  formerly  occasionally  met  with  in  this  elvan, 
and  Mr.  Collins*  has  mentioned  graphite  as  occurring 
at  Kergilliack,  but  there  are  certain  peculiar  features 
in  connection  with  the  whole  mass  which  seem 
worthy  of  notice.  Close  to  Lower  Kergilliack  Farm, 
nearly  a  mile  from  Penryn  on  the  Constantine  Road, 
is  a  large  open  -  cast  quarry,  which  for  very  many 
years  has  been  worked  upon  this  elvan.  Many  hard 
elvans  are  quarried  for  road  metal,  but  this  is  one 
of  the  few  localities  where  the  material  is  so  soft  as 
to  be  available  for  making  pottery.  The  quarry  is 
now  about  forty  feet  deep  in  the  deepest  part,  and 
is  perhaps  ten  fathoms  wide.  The  whole  of  this 
consists  of  a  soft  white  elvan  course,  which  is  in  parts 
so  very  rotten  that  it  crumbles  away  beneath  the 
fingers.  Not  only  is  this  the  case  with  the  weathered 
surfaces,  but  also  in  the  fresh  exposures  at  the 
greatest  depth. 

*  Mineralogy^  by  J.  H.  CoUins,  p.g.s. 
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The  direction  or  strike  of  the  Kergilliack  elvan 
is  more  or  less  between  N.  and  N.E.,  and  it  appears 
to  follow  the  junction  of  the  granite  and  killas,  lying 
between  them.  It  may  be  traced  on  the  one  side 
towards  Budock  rocks,  which  are  granite,  and  has 
been  opened  upon  quite  recently  in  a  new  quarry 
or  pit  below  the  new  vicarage  and  close  to  the 
schools.  Here  it  is  a  fairly  hard  compact  rock, 
granular  in  texture,  of  a  gray  quartzose  matrix,  with 
white  orthoclase  felspar  thickly  disseminated,  and  a 
small  quantity  of  black  and  white  mica  very 
sparingly  scattered  through  the  mass.  On  the 
Penryn  side  the  continuation  of  this  Kergilliack 
elvan  is  not  so  well  defined,  but  a  dyke  of  very 
micaceous  rock  (probably  a  mica  trap  or  minette) 
with  hardly  any  felspar  in  it,  occurs  at  the  Saw 
Mills.  Some  years  ago  (1883)  Mr.  Howard  Fox, 
P.G.S.,  exhibited  this  rock  at  the  Polytechnic  Exhi- 
bition. It  has  a  peculiar  egg-and-cup  or  concentric 
structure.  It  is  very  probable  that  this  mica  trap 
is  closely  associated  with  the  Kergilliack  rock.  At 
this  place  in  Penryn  the  level  is  nearly  180  feet 
lower  than  at  the  quarry,  but  it  is  at  a  little 
distance  from  the  granite,  which  first  appears  in 
College  Wood. 

The  quarry  at  Kergilliack  has  been  worked  for 
many  years  by  Messrs.  Lovering  and  Co.,  of  St, 
Austell.  The  soft  finer  parts  are  carefully  sorted 
out  and  shipped  away  in  casks,  being  used  for  coarse 
pottery  —  the  coarser  sandy  waste  is  largely  used 
locally  for  building  purposes.     It  makes  a  convenient 
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substance  for  mixing  mortar,  and  is  known  as 
Kergilliack  or  *Gillick*  sand. 

The  great  mass  of  this  part  of  the  elvan  is  a 
soft  white  matrix  of  decomposed  felspar  or  Kaolin 
(petuntzyte),  from  which  quartz  is  apparently  almost 
entirely  absent.  It  is  full  of  minute  specks  of  white 
silvery  mica,  and  many  specks  or  layers  of  small 
black  particles  of  schorl  are  scattered  throughout 
It  is  so  very  soft  that  no  sections  can  be  prepared 
for  the  microscope  from  the  Kergilliack  elvan  in 
the  usual  way. 

A  peculiar  feature  at  Kergilliack  quarry  is  that 
numbers  of  veins  or  bands  of  quartz  traverse  the 
softer  mass.  These,  which  are  for  the  most  part 
perpendicular,  are  to  be  seen  standing  out  very 
distinctly  on  the  south  side  of  the  quarry.  The 
quartz  is  mostly  of  a  brownish  colour,  resembling 
smoky  quartz,  and  the  sides  and  joints  of  these  veins 
are  coated  by  a  light  black  and  dusty  powder,  which 
gives  them  often  at  a  little  distance  quite  a  coal- 
black  appearance.  The  larger  veins  are  from  six 
inches  to  three  feet  wide,  and  often  contain  dark 
granular  masses  of  rock.  These  are  greenish  in 
colour,  and  resemble  the  tin  capels  of  the  mining 
districts.  No  metallic  mineral  has  ever  been  known 
to  occur  in  these  veins,  however.  Beautiful  crj^stals 
of  tourmaline  are  often  associated  with  these  greenish 
masses,  and  generally  in  considerable  aggregations. 
It  is  possible  that  these  enclosed  masses  were 
originally  slate,  and  are  in  process  of  alteration 
towards  tourmaline  schist.      The  main   direction  of 
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these  veins  is  N.  and  S.,  but  there  are  many  trans- 
verse ones. 

The  quarry  has  been  often  searched  for  nodules 
of  graphite,  but  none  appear  to  have  been  discovered 
for  very  many  years.  The  late  Mr.  R.  W.  Fox, 
F.R.S.,  is  said  to  have  been  the  original  discoverer  of 
graphite  in  this  elvan. 

One  of  the  most  interesting  features  in  connection 
with  the  Kergilliack  elvan,  is  the  exposure  on  the 
north  and  west  side  of  many  masses  of  enclosed 
slate.  This  slate,  which  is  of  a  general  reddish- 
brown  colour,  is  very  micaceous — in  faet  it  consists 
mainly  of  mica,  and  although  the  cleavage  is  still 
very  distinct  the  general  composition  now  appears 
to  be  that  of  a  mica -schist.  No  organic  remains 
have  been  found  in  it.  It  is  noteworthy  that  the 
slate,  although  quite  distinct  in  the  enclosing  elvan, 
often  gives  the  impression  of  having  flowed — as  if, 
in  fact,  there  were  veins  of  very  micaceous  slate 
passing  out  and  ramifying  in  strings  from  the  larger 
masses  and  finally  merging  into  the  softer  elvan — 
the  colour  of  the  slate  distinctly  showing  out  against 
the  white  background. 

The  veins  or  bands  of  quartz  above  referred  to, 
although  often  abutting  against  the  enclosed  slate, 
do  not  pass  through  the  latter. 

The  rock  to  the  north  of  the  Kergilliack  elvan 
is  wholly  granite.  A  quarry  worked  a  few  hundred 
yards  to  the  north  of  it,  on  the  opposite  side  of  the 
road,  does  not  present  any  remarkable  features.  The 
stone  is  ordinary  coarse  granite  of  the  Stithians  type. 
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To  the  south  the  elvan  rests  against  the  ordinary 
slate  of  the  Penryn  district,  but  there  are  no  means 
of  judging  whether  any  of  the  quartz  veins  continue 
into  the  slate,  which  is  very  micaceous,  generally  dull 
yellowish-brown  in  colour,  and  often  full  of  small 
nodules  or  irregular  concretions.  It  is  evidently 
much  altered  by  the  vicinity  of  the  granite,  and 
may  be  well  studied  in  the  road -cutting  known  as 
Hill  Head,  between  Kergilliack  and  Penryn. 

Elvans  containing  graphite  disseminated  through- 
out  the  mass  are  by  no  means  uncommon  in  Cornwall. 
Mr.  J.  A.  Phillips*  speaks  of  flaky  graphite  in  an  elvan 
at  Mellanear.  Sir  H.  De  La  Beche,f  in  1837,  writes  as 
follows:  "  My  friend,  Mr.  Robert  Were  Fox,  obtained 
small  nests  of  plumbago  .  .  .  from  one  of  the  elvans 
near  Devoran,  the  only  instance  we  believe  of  the 
occurrence  of  this  mineral  which  has  yet  been  noticed 
in  Cornwall."  Mr.  A.  K.  Barnettj  also  has  men- 
tioned several  localities  in  Cornwall  where  graphite 
has  been  found  in  elvan  courses.  Sir  Charles  Lemon, 
in  his  Presidential  Address  (to  the  Royal  Geological 
Society  of  Cornwall,  p.  14),§  says:  "Prof.  Sedg\^'ick 
observed  that  many  years  ago  plumbago  had  been 
found  by  the  late  Mr.  Gregor  in  the  neighbourhood 
of  the  Lizard.  .  .  .  Plumbago  or  graphite  has  not 
long  since  been  found  by  Sir  H.  De  La  Beche  in 


♦  J.  A.  Phillips,  Q.  J.  G.  S.  vol.  xxxi.  p.  336. 
t  De  La  Beclie,  "Report,"  p.  182,  footnote. 

J  A.   K.  Barnett,   "Elvan   Courses  of  Cornwall,"   R.   C.  Polytrch. 
Soc.  liejwHy  1873,  }).  146. 

§  Royal  Geological  Society  of  Cornwall^  1844. 
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some  of  our  elvans."  Mr.  Matthias  Dunn  has 
found  what  appears  to  resemble  plumbago  near 
Mevagissey. 

Mr.  J.  H.  Collins,  f.g.s.,  who  has  examined  some 
specimens  from  Kergilliack,  describes  the  enclosed 
rock  in  the  elvan  as  being  composed  of  "little  else 
than  quartz  and  mica  (gilbertite  variety)."  He 
suggests  moreover  that  these  masses  may  be  "in 
part  veins  of  segregation  in  the  granitoid  mass," 
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ON 

A  SUPPOSED  RESEMBLANCE  BETWEEN  THE 

OCCURRENCE  OF  NATIVE  COPPER  IN 
THE  LAKE  SUPERIOR  AND  LIZARD  AREAS. 

By  .  Fras.   J.    Stephens. 

(Read  2nd  Norember,  1894.) 


Native  copper  has  been  worked  in  the  region  of 
Lake  Superior  from  very  early  times.  It  occurs  there 
in  rocks  of  a  rather  serpentinous  nature.  The  same 
mineral  is  found  in  several  parts  of  the  Lizard 
serpentine  area  in  considerable  quantity,  more  es- 
pecially in  the  neighbourhood  of  MuUion.  It  has 
often  been  suggested,  although  never  as  far  as  I 
know  in  print,  that  there  is  a  great  similarity 
between  the  two  districts. 

It  is  not  proposed  in  this  paper  to  support  this 
theory  or  otherwise,  but  it  seems  desirable  that  such 
facts  as  we  now  possess  bearing  on  the  occurreDce 
of  native  copper  in  the  latter  district  should  be 
recorded  for  comparison. 

Papers  written  by  the  late  Mr.  W.  J.  Henwood, 
F.R.S.,  on  the  Mining  District  of  Lake  Superior,^  and 
the  admirable  and  exhaustive  bulletins  of  the  American 


'  Royal  Geological  SociHy  of  Comiaall,  vol.  viii.  part  1. 
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Geological  Survey,  have  supplied  us  with  a  full 
literature  upon  the  mining  and  geological  phenomena 
of  the  Superior  district*  That  by  Mr.  Irving  is 
especially  instructive. 

The  rocks  of  the  Lake  Superior  district  are  decidedly 
not  composed  wholly  of  serpentine.  The  following 
description  by  Mr.  Irving  is  very  clear:  "Geologi- 
cally the  whole  series  consists  of  interbedded  '  traps/ 
porphyries,  amygdaloidal  rocks,  felsites,  and  con- 
glomerates consisting  mainly  of  fragments  of 
the  foregoing  rocks,  while  the  cementing  matter 
consists  more  or  less  of  a  reddish  sandstone.  This 
.  sandstone  is  mainly  composed  of  basic  detritus, 
quartz  by  no  means  being  a  predominating  member." 
In  Mr.  Irving's  opinion  all  the  various  copper 
deposits  of  the  Lake  Superior  district  are  the  result 
of  percolating  carbonated  waters,  which  "in  the 
lines  of  fissure,  the  open  textured  amygdaloids,  and 
loose  conglomerates,  found  least  resistance,  and  at 
the  same  time  the  greatest  susceptibility  to  the 
altering  power,  "t  In  considering  the  source  and 
arrest  of  the  copper,  he  states  that  there  are  no 
signs  or  too  few  of  the  existence  of  copper  in  the 
upper  sandstone  to  allow  this  to  be  considered  as 
its  home.  The  trap  rocks  themselves  hold  no  copper 
as  they  are  met  with  now,  but  some  types  of  gabbros, 
especially  uralitic  types,  do  contain  copper  in  a 
sulphurated    form.       It    may    possibly   have    been 

*  On  the  Copper  Bearing  Rocks  of  Lake  Superior,  Monograph  U.S. 
Geological  Survey,  1883. 

t  Copper  Bearing  Rocks  of  Lake  Superior. 
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leached  out  and  reprecipitated  in  a  native  state 
from  the  arrest  of  the  iron  compounds  in  which  the 
basic  detritus  was  so  rich. 

Thus  the  origin  of  the  native  copper  in  the  Lake 
Superior  district  appears  to  be  from  precipitation 
in  a  ferrous  magma.  Also  that,  as  chlorite,  epidote 
and  prehnite  are  favourite  associates  of  copper,  it 
is  along  the  alteration  deposits  of  serpentinous 
matter  that  the  ore  is  found ;  and  that  under  the 
massive  beds  of  detritus,  in  which  the  basic  eruptives 
form  a  large  proportion,  the  copper  is  found  pre- 
cipitated. 

The  native  copper  deposits  of  the  Lizard  district 
have  been  worked  from  very  early  times.  The  metal 
has  been  found  near  MuUion,  at  Erisey,  inland,  and 
near  Cadgwith,  also  at  Gue  Graze,  and  perhaps 
exists  in  other  localities.  Mining  operations  have 
been  carried  on  at  all  these  places,  but  somewhat 
extensively  at  Mullion,  where  several  mines  have 
been  repeatedly  worked  in  the  valley,  extending 
from  Mullion  Cove  upwards  towards  Pradanack. 
Here  the  hornblende  rock  gives  place  to,  or  forms 
a  junction  with,  the  serpentine,  and  the  copper  was 
generally  found  in  steatite  veins  in  the  serpentine. 

It  occurred  in  large  dendritic  masses,  often  sprayed 
in  a  beautiful  manner.  Small  veins  of  native  copper 
have  been  observed  passing  into  the  massive  ser- 
pentine at  low  water  below  Mullion  Cove.  We  have 
no  means  of  knowing  whether  any  of  the  phenomena 
noted  by  Mr.  Irving  were  met  with  in  carrying  on 
the   operations   of  these   Mullion   mines,  but   it  is 
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interesting  to  find  that  great  complications  of  rocks 
of  various  types  occur  close  to  Pradanack  and 
Cadgwith,  in  the  Lizard  area.  The  heaps  of  debris 
left  from  the  mine  workings  of  Wheal  Unity,  and  in 
the  Ghostcroft  Valley,  yield  a  variety  of  interesting 
fragments.  There  are  pieces  of  serpentine  and 
steatite  in  abundance,  and  almost  every  gradation 
of  serpentinous  matter.  Some  pieces  show  a  pre- 
ponderance of  chlorite,  others  of  altered  hornblende 
rock.  Many  of  them  contain  little  veins  of  copper, 
some  of  which  appear  to  blend  into  the  enclosing 
substance. 

Our  knowledge  of  these  native  copper  deposits  at 
Mullion  and  elsewhere  in  the  Lizard  area  will  be 
thus  seen  to  be  very  meagre.  The  only  points  of 
resemblance  which  can  be  definitely  used  as  a  com- 
parison, are  the  occurrence  at  Ogo  Dour  and  near 
Cadgwith  of  masses  of  altered  gabbros,  epidiorites, 
and  other  rocks,  which  may  be  not  unlike  the  Lake 
Superior  types.  The  fact  that  native  copper  is  so 
often  met  with  in  rocks  which  show  alteration  of  a 
serpentinous  nature,  seems  worthy  of  more  attention 
than  it  appears  to  have  hitherto  received. 


ON 

SOME  NODULAR  COXCRETIOXS,  RESEMBLING 
FOSSIL  WOOD  AND  FOSSIL  FISH, 

TREWORDEy    WOOD,    LAUXCESTOX. 

Bt  Howard  Fox,  r.cs. 

(Band  SBd  5oveaiber,  U»«.) 


Mr.  R  Y.  Tellam  reported  in  August  last  that 
some  large  fossil  fish,  with  the  scales  distinctly 
marked,  and  a  fossU  fifteen  feet  long  and  one  foot 
wide  by  six  inches  thick,  had  been  found  in  the  slate 
in  the  railway  cutting  at  Treworden  Wood,  near 
Launceston.  The  long  fossil  was  supposed  to  be 
part  of  a  tree. 

Mr.  Tellam  sent  some  of  the  supposed  fossil  fish 
and  a  section  of  the  fossil  tree,  to  the  British  Museum 
for  identification.  They  were  examined  by  Dr.  H. 
Woodward,  F.R.S.,  and  by  Mr.  Newton,  f.g.s.  ;  the 
latter  gentleman  wrote  to  Mr.  Tellam  that  they  were 
not  fossils,  but  "  nodular  concretions  flattened  bv 
pressure."  Dr.  Woodward  confirmed  this  verdict  to 
me  personally.  Dr.  Hinde,  v.p.g.s.,  also  saw  them, 
and  wrote  to  me  concerning  them  as  follows  : 

**  I  was  not  surprised  that  they  had  been  mistaken 
for  sometliing  organic.  The  peculiar  scale-like 
markintis  on  their  exterior  seemed  somewhat  like  the 
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structures  known  as  cone-in-cone,  and  due,  like  the 
latter,  to  the  eflfects  of  pressure." 

Mr.  Tellam  was  not  satisfied  with  this  report,  and 
on  October  1st  writes  as  follows :  "  On  Friday  I 
visited  the  railway  cutting  in  Treworden  Wood  that 
I  might  see  if  any  further  information  could  be 
gained  about  the  nodules  (?)  embedded  in  the  slate. 

**  The  nodules  are  of  various  shapes  and  sizes,  but 
all  more  or  less  flattened,  as  you  will  have  seen 
from  the  specimens  that  I  have  sent.  The  strata 
are  dipping  at  a  slight  angle  where  the  nodules  are 
found,  and  do  not  appear  to  have  been  contorted 
since  the  deposition  of  the  material  of  which  they 
are  composed.  But  about  200  yards  to  the  west 
the  strata  are  nearly  perpendicular,  having  been 
disturbed  by  the  protrusion  of  hard  blue  trap  rock, 
which  is  now  worked  for  road  stone. 

**  The  nodules  are  easily  separated  from  the  slate  in 
which  they  are  embedded,  leaving  a  sharp  impression 
of  the  scales  on  the  inside  of  the  cavity,  showing,  I 
think,  that  they  were  fully  formed  and  hardened  while 
the  mud  which  covered  them  was  still  in  a  plastic 
condition.  I  cannot  see  any  evidence  that  they 
were  flattened  by  pressure,  as  Mr.  Newton  stated 
to  me  in  his  letter,  nor  have  they  been  subjected 
to  any  erosion  by  means  of  running  water.  I  will 
send  you  a  small  nodule,  when  you  will  be  able  to 
see  how  nicely  the  slate  fits  around  it,  and  how 
sharply  and  perfectly  the  scales  have  been  impressed 
in  it.  In  some  nodules  that  I  saw  the  stratification 
of  the   slate   curved  around   the   upper  and  lower 
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surfaces.  In  their  composition  some  contain  a  good 
deal  of  iron,  while  others  appear  to  be  quite  free  from 
it,  but  all  have  a  core  diflFering  from  about  an 
inch  of  the  outer  part  all  around.  In  some  of  the 
specimens  that  I  have,  the  core  part  of  the  nodule 
can  be  cut  very  easily  with  a  knife. 

"From  the  form,  composition,  and  general 
character  of  these  nodules  (?)  it  is  very  difficult 
to  believe  that  they  are  only  *  nodular  concretions,* 
and  had  not  any  organic  origin.  They  are  certainly 
very  interesting  specimens,  and  very  difficult  to 
account  for,  if  they  are  not  organic." 

Mr.  Tellam  in  this  letter  speaks  of  the  outer 
portion  of  these  nodules  (?),  for  one  inch  in  thickness, 
being  of  a  diflFerent  texture  from  the  core.  I  had 
a  slice  of  this  compact  outer  material  cut  for  the 
microscope,  and  Dr.  Hinde  kindly  examined  it,  and 
reports  as  follows : 

*'  The  nodular  concretion,  No  372,  is,  I  presume, 
from  one  of  the  pieces  similar  to  those  sent  to 
the  British  Museum ;  if  so,  the  structure  shown  in 
the  slide  confirms  the  opinion  I  formed  on  seeing  the 
specimens,  that  they  were  of  the  nature  of  cone-in 
cone  structure.  This  can  be  seen  best  with  a  lens 
holding  the  slide  to  the  light." 

Dr.  Hinde's  notes  on  slide  372  are  as  follows : 

**  Nodular  concretion,  railway  cutting,  near  Wade- 
bridge.  Bluish -grey  calcareous  rock,  gives  slight 
action  in  cold  acid.  The  section  shows  a  series  of 
cones,  and  there  is  a  definite  crystalline  structure 
apparent  in  polarized  light." 


NOTES  ON  THE  CHERTS  AND  ASSOCIATED 

ROCKS 

OF  ROUNDHOLE  POINT  (PERMIZEN  POINT),  CATACLEWS 
POINT,  AND  DINAS  HEAD,  WEST  OF  PADSTOW. 

By    Howard   Fox,    F.G.S. 

(Read  2nd  November,  1894.; 


My  friend,  Lieutenant-General  McMahon,  having 
kindly  examined  very  carefully  for  me  a  considerable 
number  of  specimens  and  microscopic  slides  of  rocks 
from  the  above  localities,  I  am  glad  to  give  your 
Society  the  benefit  of  his  labours,  and  to  accompany 
his  notes  with  a  short  description  and  maps  of  the 
localities  from  which  the  specimens  were  taken. 

The  three  promontories  which  are  the  subject  of 
this  paper  furnish  very  interesting  examples  of  con- 
tact metamorphism.  The  igneous  rock,  which  is 
mainly  an  altered  dolerite  at  Roundhole  Point  and 
Dinas  Head,  and  mainly  an  altered  hornblende  picrite 
at  Cataclews  Point,  has  intruded  into  beds  of  shales, 
or  slates,  and  limestones,  as  dykes  and  sills.  It 
alters  the  slates  and  shales  into  a  porcellanized  rock, 
which  passes  into  a  variety  which  might  easily  be 
mistaken  for  a  chert. 
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ROUNDHOLE  POINT. 

Roundhole  Point  is  the  promontory  which  bounds 
Trevone  Bay  on  the  north.  In  the  one-inch  Ordnance 
map  it  is  called  Permizen  Point;  it  is  two  miles 
W.N.W.  of  Padstow. 

The  Geological  Survey  map  shows  that  a  band  of 
greenstone  runs  inland  for  over  a  mile  due  east  of 
this  point,  with  limestone  to  the  north  of  it. 

On  its  northern  face  are  seen  the  noted  "Marble 
Cliffs,"  which  are  formed  of  alternate  bands  of  lime- 
stone and  shale,  extending  from  the  foreshore  to  the 
top  of  the  cliff  for  a  distance  of  350  yards.  The 
limestone  weathers  a  yellowish-grey,  and  forms  a 
marked  contrast  with  the  dark  shales  with  which  it 
is  interbedded.  These  bands  of  limestone  are  from 
two  inches  to  two  feet  in  thickness,  the  shale  some- 
what less,  and  there  are  from  60  to  70  distinct  beds 
of  each  dipping  in  a  southerly  direction,  at  a  low 
angle,  under  the  greenstone.  The  limestone  at  //  in 
the  annexed  map  (outlined  from  the  2 5 -inch  Parish 
map)  is  seen  by  the  naked  eye  to  be  full  of  crinoidal 
remains  on  its  weathered  surface. 

A  *'  Round  Hole  "  is  the  local  name  of  a  landslip 
caused  by  the  roof  of  a  long  cave  being  burst  up- 
wards at  its  extreme  end  by  compressed  air,  and 
which  results  in  the  sea  carrying  away  so  much  rock 
and  soil  as  to  leave  an  inverted  cone  in  the  mainlaniL 
These  holes  are  known  as  ^'bullers"  in  Scotland. 
The  **  Lion's  Den,"  at  the  Lizard  Point,  is  another 
instance.    There  are  many  of  these  "round  holes"  in 
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this  district.  The  one  on  Roundhole  Point  can  be 
easily  descended,  and  good  junctions  are  exposed  near 
the  bottom.  The  greenstone  is  seen  to  have  intruded 
into  the  sedimentary  rocks,  altering  the  shale  into  a 
pale  greenish-grey  rock  approaching  porcellanite  in 
structure.  At  the  bottom  of  the  hole,  just  above  the 
wash  of  the  sea,  the  limestone  bands  have  become 
dark  rusty-brown  in  colour,  and  as  soft  as  damp  sand 
from  decomposition,  the  adjoining  shales  being  thickly 
studded  with  spots  of  ferric  oxide.  Similar  decom- 
position is  seen  at  the  top  of  the  marble  cliffs  at  H. 

On  the  western  end  of  this  promontory  there  is  a 
conspicuous  outlying  rock  called  the  Madrip.  On 
looking  at  this  rock  from  C  in  the  map,  the  green- 
stone is  seen  to  be  capped  by  several  bands  of  altered 
shale  and  limestone.  On  climbing,  at  low  tide,  on  to 
the  southern  base  of  the  Madrip  at  D,  the  entire 
eastern  end  of  iXa  foreshore  is  seen  to  be  composed  of 
altered  shales  or  slate  and  limestone.  The  igneous 
rock  forming  the  bulk  of  the  Madrip  is  intruded  here 
as  a  sheet  between  the  beds  of  the  sedimentary  rock. 
The  patch  of  altered  shale  on  the  top  of  the  Madrip 
is  a  conspicuous  object  for  miles,  as  it  weathers  a 
pale  yellowish-grey,  and  gives  a  marked  contrast 
with  the  dark  colour  of  the  igneous  rock  around  it. 
At  C  the  massive  greenstone  is  capped  with  a  cal- 
careous schistose  altered  crushed  rock  w^eathering 
black.  At  E,  as  elsewhere,  the  altered  slate  or  shale 
is  more  or  less  porcellanized,  and  has  a  pale  greenish- 
grey  appearance.  It  is  interbedded  with  a  j)ale 
siliceous  rock,  which  appears  to  be  the  continuation 
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of  the  limestone  beds  in  which  the  calcareous  matter 
has  been  largely  replaced  by  silica.  We  also  find  at 
E  a  soft  grey  rock  iuterbedded  with  a  siliceous  rock 
whicli  appears  to  be  a  felsite.  The  rocks  between 
A  and  B  in  the  same  way  appear  to  be  portions  of 
the  "Marble  Cliffs"  which  have  been  caught  up  and 
altered.  The  altered  slate  or  shale  at  B  weathers 
white,  and  passes  into  a  variety  which  might  easily 
be  mistaken  for  a  chert.  (No.  350  of  the  appended 
Notes.)  The  rock  with  which  this  is  interbedded  is 
highly  siliceous,  and  passes  in  places  into  chert.  (Noe. 
381,  382  of  the  Notes.)  With  respect  to  these  cherts 
(Nos.  381,  382),  Dr.  Hinde  writes  to  me  as  follows: 

"  I  do  not  think  these  cherts  have  been  produced 
by  contact  metamorphism ;  it  seems  to  me  not  improb- 
able that  they  were  originally  partly  calcareous  (from 
the  presence  of  calcareous  organisms)  and  partly 
siliceous  (perhaps  also  from  siliceous  organisms),  and 
subsequently  in  the  fossilization  silica  has  replaced 
the  calcareous  materials.  This  change  is  very  fre- 
quently met  with,  and  it  takes  place  in  rocks  which 
have  not  been  exposed  to  heat  or  unusual  pressure. 
In  the  carboniferous  limestones  and  cherts  of  York- 
shire there  are  gradual  passages  fi'om  the  limestone 
to  the  chert  in  the  same  bed,  and  in  these  the 
silica  of  the  chert  can  be  traced  to  siliceous  sponge 
remains." 

Mr.  J.  J.  Beringer,  F.C.S.,  of  Camborne,  kindly 
furnished  me  with  the  following  analysis  of  this  chert, 
most  of  the  work  being  done  by  his  pupil,  Mr.  A.  F. 
Hosking. 
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IX. 

(No.  381)  chert  from  A-B. 

Loss  at  100^*0 

.3 

Loss  on  iguition 

.       l- 

Si  O2 

.     93.6 

AI2  O3 

.       22 

FeO 

.4 

CaO 

.       13 

MgO 

.7 

99.5 


Mr.  Hosking  also  aoalysed  the  rock  weathering 
white  with  chert- like  structure  (No.  350)  from  By 
No.  X.,  and  the  pale  greyish -green  altered  slate 
from  Z),  No.  XI. 


X.  (No.  360.) 

XL 

Loss  at  100'  C 

.5 

18 

Loss  on  ignition 

2.4 

3.1 

SiOg       . 

.     58-6 

58.1 

TiO^       .             .         . 

.4 

.4 

Ai^Og              .                                  .                       . 

19- 

275 

FeO        . 

7.9 

12 

CaO        . 

1-2 

1. 

MgO      .            .         . 

22 

.7 

K^O       .             .         . 

1.8 

25 

Na,0      .            .         . 

5.6 

36 

99.6 

99.9 

Mr.  J.  Hort  Player,  F.c.s.,  of  London,  whom  I  had 
the  pleasure  of  accompanying  to  these  rocks  on  one 
occasion,  writes  thus  of  the  satiny  pale  greenish- 
grey  rock  at  E. 

"  I  can  now  send  you  the  analysis  of  the  soft  rock  found 
banded  with  the  felsite  of  Trevone  Bay,  neither  of  them 
shown  on  the  Survey  map. 

"  You  may  possibly  remember  that  I  told  you  I  hoped  to 
examine  it,  thinking  that  its  composition  might  throw  light 
upon  the  origin  of  your  so-called  '  Adinole.'     I  must  admit 
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that  it  does  not.     You  will  see  that  it  is  a  somewhat  less 

acid  rock,  containing  5*4  per  cent,  of   potash,  whilst  the 

'  Adinole '  contains  nearly  10  per  cent,  of  soda.     They  can 

I  now  think,  have  no  connection  the  one  with  the  other 

The  soft  rock  has  much  the  composition  of  a  felsite,  and  ij 

probably  a  felsitic  tuff.     Curiously  enough,  its  section  doe: 

not  seem  to  contain  any  pyrite,  abundant  in  the  felsite,  but 

I  found  this  mineral  aggregated  in  the  rock  itself.     He 

section  shows  needles  of  rutile ;  the  felsite  section  does  not 

"  You  may  like  to  see  also  analysis  of  the  slate,  or  shale, 

your  hunting  ground  for  fossils.     Here  again  there  is  nothing 

to  show  that  your  *  Adinole '  is  this  rock  altered ;  I  do  not 

think  it  can  be." 

XII. 

Soft  Grey  Rock,  Trevone  Bay  (Roundholb  Point). 


Silica 

.     69-7 

Titanic  acid 

7 

Aluinina 

.     253 

Ferric  oxide 

•7 

Ferrous  oxide   . 

.6 

Lime 

4 

Magnesia 

9 

Soda 

4 

Potash 

.       54 

Loss  at  100' 

13 

Further  loss  by  ignition 

.       39 

993 

XIIL 

Shale,  Trevone  Bay. 

Silica                .                 .             .         .     51-9 

Titanic  acid 

»                                   fl 

•8 

Carbonic  acid    . 

31 

Alumina 

215 

Ferric  oxide 

•8 

Ferrous  oxide   . 

51 

Iron  sulphide 

6 

Lime 

31 

Magnesia 

.       25 

Soda 

3 

Potash 

33 

Loss  at  100** 

6 

Loss  by  ignition 

.       55 

991 

1894.]  and  Associated  Hocks.  693 

At  the  east  end  of  this  southern  cliff  of  Round- 
hole  Point,  about  fifty  yards  from  the  public  road 
which  leaves  Porthmissen  Beach,  a  fine  junction  of 
the  greenstone  with  the  interbedded  shales  and  lime- 
stones is  seen.  The  igneous  rock  cuts  across  these 
beds  and  bends  them  upwards. 

The  greenstone  of  this  promontory  is  mostly  a 
large  grained  altered  dolerite  (Nos.  321,  322  of  the 
notes),  occasionally  showing  conspicuous  crystals  of 
hornblende,  more  than  an  inch  square,  on  its 
weathered  surface,  as  well  as  in  its  internal  structure. 
It  is  in  places  much  faulted  and  fissured,  with  numerous 
quartz  veins,  which  occasionally  reticulate  its  surface. 

The  following  are  General  MacMahons  notes  on 
these  rocks : 

321.  Altered  Dolerite  north  of  Pei^missen  Bea4ih  from  F. 

A  speckled  and  altered  igneous  rock.  It  was  originally  a 
holocrystalline  mixture  of  plagioclase  and  augite.  The  rock 
also  contains  leucoxene  after  ilmenite,  iron  pyrites,  and 
magnetite. 

What  was  apparently  once  augite  has  been  converted  into 
pseudomorphs  of  chlorite.  Apatite  is  very  abundant,  and  is 
in  very  characteristic  forms.  The  slice  also  contains  a  little 
mica,  now  much  altered. 

The  plagioclase  is  considerably  changed,  and  is  converted 
in  part  into  kaolin,  and  in  part  into  calcite. 

322.  Greenstone  from  G. 

This  is  a  dark  grey  crystalline  rock  showing  large  crystals 
of  hornblende  on  its  surface.   It  is  a  diabase  or  altered  dolerite. 

This  rock  is  a  holocrystalline  mixture  of  hornblende,  felspar, 
augite,  serpentinous  pseudomorphs  after  olivine,  mica,  apatite, 
secondary  calcite,  leucoxene  after  ilmenite,  and  magnetite. 
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The  hornblende  is  in  large  ophitic  masses,  of  orange-red 
colour  in  transmitted  light,  and  is  strongly  dichroic. 

The  augite  is  nearly  colourless ;  but  most  of  it  has  been 
converted  into  a  serpentinous  product,  leaving  clear  patches 
here  and  there. 

Apatite  is  abundant;  the  calcite  is  principally  in  the 
felspar.  The  latter  mineral  is  too  much  decomposed  to  make 
out  the  species. 

The  mica  is  of  greenish-brown  colour  in  transmitted  light, 
and  is  strongly  dichroic. 

350.  Rock  weathering  white,  toith  chert-like  structure,  from  B. 

A  compact  cherty-looking  rock  with  a  hardness  of  4*5. 
It  does  not  effervesce  with  acids. 

This  seems  to  be  a  rather  impure  chert.  There  is  a  con- 
siderable amount  of  crystalline  matter,  in  ill-defined  scales 
and  granules,  scattered  about  in  the  cherty  base.  These 
scales  and  granules  are  of  a  faint  greenish  colour,  possess 
slight  absorption,  but  do  not  polarise  between  crossed  nicols. 
They  are  probably  some  form  of  chlorite.  There  are  branch- 
ing veins  in  the  slide,  which  contains  a  good  deal  of  tricHnic 
felspar,  apparently  mixed  up  in  a  confused  way  with  quartz. 
Neither  mineral  is  idiomorphic. 

The  whole  slice  is  dotted  over  at  pretty  regular  intervals 
with  a  white  opaque  substance  resembling  leucoxene.  It  all 
possesses  a  branching  coralline  structure,  and  it  may  possibly 
be  a  mineral  cast  of  the  internal  portion  of  some  organism. 
This  is  suggested  by  the  general  character  of  these  cherts, 
and  by  the  fact  that  the  whole  of  these  spots  possess  this 
peculiar  coralline  structure,  and  never  show  any  tendency 
to  assume  a  crystallographic  form.  On  the  other  hand, 
minerals  so  often  simulate  organic  structures  that  the 
appearances  in  this  and  other  slices  may  be  delusive. 

381,  382.  Dark  cherts  veined  and  dappled  with  granules 

of  free  quartz, 

381  contains  some  crystals  of  magnetite,  pyrites,  some 
amorphous  ferrite,  and  numerous  traces  of  organisms. 
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Part  II. 

CATACLEWS   POINT. 

ataclews    Point    is   about    three    miles    west   of 

stow.     A  fine-grained  greenstone,  for  the  most 

an    altered    picrite    (Nos.     318,     319,     320, 

of  Notes)  containing  much  calcite,  has  broken 
ugh  the  slates  and  shales  of  this  promontory. 
\   greenstone    has    been   quarried   for  centuries, 

it  may  be  found  in  the  walls  of  many  of  the 
:ches  in  Cornwall.  It  was  also  extensively  used 
;he  Middle  Ages  for  carved  work.  The  tomb 
Prior  Vivian,  in  Bodmin  Church,  is  a  striking 
nple  of  its  durability  and  value.  It  is  at  present 
I  also  for  road-metalling,  and  is  widely  known  as 
itaclews  stone." 

he  annexed  map,  which  is  also  outlined  from  the 
ity-five  inch  Parish  map,  gives  a  general  idea 
he  relation  of  the  various  rocks  composing  this 
nontory. 

n  approaching  the  eastern  point,  by  the  road 
ing  to  the  quarries,  we  notice  the  tall  bosses 
greenstone.  A,  which  mark  the  conspicuous 
mit  of  the  Point.  To  the  right  or  south  of 
ire  many  well-marked  beds  of  slate  and  dark- 
ned  limestone,  dipping  generally  S.S.E.,  at  an 
e  of  about  45*",  though  much  disturbed  and 
ted  in  several  places.     These  bands  alternate  for 

,S    A 


696 


Notes  on  Cherts 


[Nov.  % 


some  fifteen  yards  iu  width  between  the  greenstone 
and  the  thinly  laminated  slates  of  the  cliflF  at  B 
in  map.  The  sequence  of  these  bands  is  given 
in  Fig.   1. 

The  limestone  bands  (No.  827)  on  the  southern 
portion  of  this  section  are  interbedded  with  thin 
.bands  of  black  cherty  rock,  varying  from  one  to 
four-and-a-half  inches  in  thickness.  (Nos.  345, 
346,  348.)  The  limestone,  chert,  and  slates  are  in 
places  contorted  and  faulted,  as  shown  in  Fig.  3 
(taken  from  a  sketch  kindly  made  in  my  note  book 
by  Sir  Archibald  Geikie).  The  cherty  bands  are 
sometimes  in  the  midst  of  the  limestone,  as  shown 
in  Fig.  2,  and  d,  Fig.  1  ;  whilst  in  other  places 
they  lie  between  the  limestone  and  the  slates, 
as  shown  in  Fig.  3,  and  at  d\  Fig.  I.  (Nos.  328, 
329,  347.) 

Mr.  J.  J.  Beringer,  f.g.s.,  of  Camborne,  was  good 
enough  to  have  a  specimen  of  this  chert,  from  X 
in  Fig.  3  (No.  345  of  the  Notes),  analysed  by  his 
pupil,  Mr.  Arthur  F.  Hosking.  The  following  is 
his  analysis : 


V.  (No.  345.) 

Los8  on  iguition 

,     1062 

Lime 

.     1222 

Magnesia 

56 

Soda  and  potash 

.15 

Silica  by  difference 

.     7535 

9890 

To  the  north  and  west  of  A  we  find  altered  slate 
(at    C  in    map)    interbedded    with   a   dolomitic  (?), 
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whitish  rock,  studded  with  crystals  of  iron  pyrites, 
and  weathering  a  rusty  brown.  These  calcareous 
beds  vary  from  one  inch  upwards  in  thickness. 
(No.  371  of  the  Notes.) 

At  D,  to  the  north  of  quarry  No.  3,  the  altered 
slate  in  contact  with  the  greenstone  appears  to 
pass  into  a  rock  weathering  white,  with  a  chert- 
like structure  resembling  the  soda -rock  of  Dinas 
Head. 

Professor  Ramsay,  f.r,s.,  has  kindly  furnished  me 
with  an  analysis  of  this  rock,  the  principal  part  of 
the  work  being  done  by  his  pupil,  F.  Collingridge. 

VII. 

SiOj  .  .  .         .     6550 

^J^\  /.       X  1  •  •         •     2040 

+  Feg  O3  (trace)  j 

NagO  .  .  .         .     1513 

KgO  .  .  .         .         .26 

101-29 


Professor  Ramsay  writes :  "I  don't  know  how  to 
account  for  the  high  results,  unless  the  blame  rests 
on  the  soda.  Everything  else  has  been  twice 
determined.*' 

TMs  rock  is  only  exposed  for  a  few  square  yards 
of  the  surface  of  the  Point. 

The  slate  in  contact  with  the  southern  part  of  the 
greenstone  boss  at  ^,  as  also  that  in  contact  with 
the  greenstone  on  the  southern  side  of  quarry  No.  1, 
are  so  altered  as  to  be  almost  porcellanized  by  the 
intrusion  of  the  igneous  rock,  and  are  very  brittle 
under  the  hammer. 

3  A  2 
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Professor  Ramsay  s  analysis  of  this  rock,  taken  by 
his  pupil,  Mr.  W,  L.  Sutton,  is  as  follows  : 

VIII. 
SiOg  .  .  .        ,    56.80 


^T\  •       ...  27. 

MnO  .  .  .  .  .74 

HgO  .  ,  .  .  430 

KgO  .  .  .  .  4-96 

NajO  .  .  .  .  5.90 

9970 


In  the  slate  overlying  the  greenstone  on  the  soutli 
side  of  quarry  No.  2  some  thin  bands  of  impure 
cherty  decomposing  rock  and  chert  breccia  are  found 
at  E.  (The  microscopic  description  of  this  rock  is 
given  in  the  appended  Notes,  Nos.  315,  316,  349.) 

In  the  cliflf  to  the  west  of  these  quarries  near  F  a 
felspathic  rock  (370  of  the  Notes)  appears  to  be 
intrusive  in  the  greenstone. 

General  MacMahon  has  examined  the  following 
specimens : 

CATACLEWS. 

317.  From  F  in  map,  inclusion  in  ffrecnston^^. 

A  light -coloured  greenish -grey  calcareous  rock,  with  a 
micaceous  shine  on  it  here  and  there.  Grains  of  iron 
pyrites  are  sparsely  distributed  over  it. 

Under  the  microscope  the  slice  is  seen  to  contain  a  large 
amount  of  caleite,  some  of  it  crystallised,  and  the  rest  in 
a  fine  granular  condition.  The  rock  also  contains  a  good 
deal  of  a  talcose- looking  colourless  mica,  some  chlorite, 
iron  pyrites,  leucoxene,  a  little  ilmenite  or  magnetite,  and 
some  free  quartz  containing  numerous  inclusions  with 
bubbles. 
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The  rock  effervesces  strongly  in  hydrochloric  acid,  but 
only  a  portion  of  it,  even  after  careful  grinding  in  an 
agate  mortar,  is  soluble  in  that  acid  or  in  nitric  or  nitro- 
hydrochloric  acids.  I  have  tried  these  acids  in  the  most 
concentrated  condition,  and  raised  to  the  boiling  point.  The 
portion  that  resists  heated  hydrochloric  acid  contains  a  con- 
siderable amount  of  magnesia,  alumina,  iron,  and  a  little  lime. 

The  amount  of  iron  in  the  rock  is  very  considerable. 
After  prolonged  heating  of  the  finely-powdered  and  finely- 
ground  rock  in  concentrated  nitro- hydrochloric  acid,  the 
residue,  after  treatment  with  hydrofluoric  and  sulphuric 
acids,  yielded  iron  in  some  abundance. 

The  slice  is  too  thick,  but  after  removing  the  iron  from 
a  specially-prepared  one  I  was  able  to  detect  some  broken 
sponge  spicules  in  it. 

318.    Near  F. 

Altered  hornblende  pictite. 

A  dark-grey  crystalline  rock. 

This  is  a  holocrystalline  mixture  of  serpentine  (a  pseudo- 
morph  after  olivine) ;  rich  red-brown,  strongly  pleochroic 
hornblende ;  strongly  dichroic  mica ;  chlorite ;  magnetite  or 
ilmenite  and  leucoxene.  The  slice  also  contains  apatite 
and  some  water-clear  felspar,  probably  secondary. 

319.  From  quarry  No.  1. 

A  grey,  almost  compact,  rock. 

The  base  or  ground  mass  of  this  rock  appears  to  have  been 
felspar,  but  it  is  so  altered  that  its  species  cannot  be  made 
out.  The  rock  is  profusely  dappled  over  with  leucoxene, 
showing  that  ilmenite  must  have  been  very  abundant.  A 
little  magnetite  and  iron  pyrites  are  also  present. 

A  red-brown,  highly  dichroic  mica  (inclining  to  greenish- 
brown  in  sections  normal  to  the  base)  is  very  plentiful. 
Apatite  crystals  are  also  numerous. 

The  slice  contains  veins  of  calcite,  and  the  body  of  the 
rock  is  also  to  a  large  extent  permeated  by  calcium  car- 
bonate.    The  rock  effervesces  freely  with  acids. 


700  Notes  on  Cherts  [Jfov.  2, 

Traces  of  chlorite  and  some  serpentine  are  to  be  seen  here 
and  there. 

I  think  this  is  a  highly  altered  igneous  rock ;  but  decom- 
position has  advanced  so  far  that  it  is  impossible  to  be 
very  positive  on  this  point. 

320.  From  a  few  yards  east  of  A. 

A  compact,  grey-coloured  rock,  with  iron  pyrites  showing 
here  and  there. 

The  same,  or  a  very  similar  rock  to  the  last.  This  slice, 
however,  does  not  contain  any  chlorite,  and  there  is  less  of 
the  colourless  serpentinous  product.  Mica,  apatite,  and  iron 
are  present,  as  in  319.  There  is  no  hornblende.  The 
sections  of  mica  approximately  parallel  to  the  base  exhibit 
the  deepest  colour.  The  mica  is  decomposed  by  hot  hydro- 
chloric acid. 

Leucoxene  and  apatite  are  abundant. 

370.     Felspathic  rock  from  F. 

This  is  an  acid  igneous  rock  composed  of  felspar,  with  a 
specific  gravity  of  2-62. 

Under  the  microscope  the  whole  of  the  ground  mass 
is  seen  to  be  composed  of  felspar  in  allotriomorphic 
crystals,  many  of  which  show  the  remains  of  very  fine  tri- 
clinic  twining.  The  mass  of  the  felspar  in  transmitted  light 
presents  the  appearance  ordinarily  seen  in  the  felspars  of 
granite,  but  it  is  penetrated  by  a  meshwork  of  cracks,  filled 
with  more  or  less  transparent  secondary  felspar  and 
calcite. 

There  are  numerous  patches  of  chlorite,  minute  spots  of 
leucoxene,  and  a  few  specks  of  ilmenite,  or  magnetite,  dotted 
about  in  the  felspar.  Fine  needles  of  apatite  are  also  rather 
numerous. 

Tlie  structure  of  the  rock  is  granitic.  It  has  suffered 
somewhat  from  the  inroads  of  aqueous  agents. 

I  should  not  like  to  give  the  rock  a  definite  petrological 
name  from  the  examination  of  one  specimen  only. 
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315.  Chert  in  slate  from  E. 

This  looks  like  an  ordinary  chert.  The  slice  being  thick,  it 
is  only  translucent.  There  are  patches  and  streaks  of  ferrite 
and  limonite,  and  I  think  some  minute  spots  of  magnetite. 
Some  cracks  are  stopped  with  iron  products,  and  there  is  a 
large  quartz  vein.  The  quartz  in  this  vein  is  full  of  liquid 
cavities  containing  minute  movable  bubbles ;  some  vermi- 
cular and  almost  colourless  pro-chlorite ;  and  some  secondary 
triclinic  felspar. 

Viewed  macroscopically,  a  number  of  small  well-formed 
crystals  of  qu£u:tz  can  be  seen  with  a  pocket  lens  on  one  of 
the  faces  of  the  hand  specimen. 

316.  From  E,  same  as  315. 

The  slice  is  riddled  with  numerous  cracks — shrinkage 
cracks  apparently — stopped  with  quartz  and  chlorite,  some 
of  the  latter  being  imperfectly  formed  pro-chlorite.  The 
rock  itself  resembles  an  ordinary  chert,  and  contains  many 
large  patches  of  red  ferrite. 

327.  From  A  in  map, 

A  dark  siliceous  limestone. 

It  has  a  hardness  of  about  6.  It  dissolves  completely  in 
hyodrochloric  acid. 

It  seems  to  be  largely  made  up  of  calcite. 

328.  From  A.     From  the  junction  of  cliert  and  limestone 

marked  X  ^^  ^iff-  2. 

The  hand  specimen  is  made  up  of  two  rocks — one  a  dark 
limestone,  the  other  a  cherty  limestone.  The  former  has  a 
hardness  of  about  4,  and  the  latter  a  hardness  of  5.  Both 
portions  dissolve  completely  in  hydrochloric  acid.  One 
little  fragment  of  the  cherty  limestone  refused  to  do  so ;  the 
amount  of  silica,  therefore,  apparently  varies  in  different 
parts  of  the  rock. 

Under  the  microscope  the  cherty  limestone  is  seen  to 
contain  a  good  deal  of  calcite,  and  also  numbers  of  micro- 
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scopic  crystals  of  calcspar.  The  limestone  itself  appears  to 
be  wholly  made  up  of  calcium  carbonate. 

The  slice  contains  ferrite,  a  little  magnetite,  and  a  good 
deal  of  well-crjstallised  iron  pyrites.  The  latter  is  much 
more  plentiful  in  the  limestone  than  in  the  cherty  limestone. 

I  obtained  a  somewhat  rounded  zircon  from  a  lump  of  the 
limestone  dissolved  in  acid. 

Dr.  Hinde  notes  that  echinodermal  structures  are  distinct 

in  this  slice. 

329.  From  A. 
A  dark  limestone. 

This,  like  the  last  specimen,  consists  of  two  kinds  of  rock. 
One  a  limestone  that  dissolves  completely  in  acid ;  the  other 
a  cherty  limestone  that  does  not  dissolve  even  in  hot  acid. 
The  two  are  divided  by  what  appears  to  be  a  line  of  shear. 

The  matrix  of  the  portion  that  dissolves  in  acid  consists 
wholly  of  calcite ;  that  of  the  other  portion  is  siliceous.  In 
the  latter  there  are  clear  portions  here  and  there  that  break 
up  under  crossed  nicols  into  crypto-crystalline  quartz  with  a 
somewhat  streaky  structure.  The  intervening  portions  are 
principally  calcite,  and  there  are  numerous  minute  crystals 
of  calcspar. 

There  are  dark  waving  streaks  here  and  there,  the  colour- 
ing matter  in  which  appears  to  be  mainly  iron. 

345.  From  A  in  map  ;  portion  of  A\  inch  hand  round  lime- 

stone  ;  marked  X  i^  Fig.  3. 

A  dark  cherty  rock  with  a  hardness  of  a  little  under  6. 

The  base  appears  to  be  pure  chert,  exhibiting  the  usual 
pepper-and-salt  appearance  under  crossed  nicols.  In  this 
there  is  a  good  deal  of  granular  calcite,  and  numerous  well- 
formed  crystals  of  iron  pyrites.  But  what  gives  a  pecuhar 
character  to  the  rock  is  the  presence  in  the  base  of  a  multi- 
tude of  minute,  transparent,  well-formed  crystals  of  calc  spar. 
They  are  principally  in  rhombohedrals.  These  crystals  exhibit 
the  very  high  double  refraction,  and  the  powerful  absorp- 
tion of  calcite.  The  angle  of  the  rhomb  in  two  instances 
measured  105°,  but  in  other  cases  ranged  from  102**  to  108. 
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Tlie  variation  in  the  angle  was  mainly  due  to  the  fact  that 
the  face  of  the  crystal  measured  was  rarely  quite  p6urallel  to 
the  plane  of  the  microscopic  field. 

346.  From  A, 

This  is  a  very  similar  rock  to  the  last.  The  base  is  chert. 
There  is  very  little  iron  pyrites,  and  only  in  small  grains, 
but  the  slice  contains  a  good  deal  of  iron  in  the  form  of 
haematite,  ferrite,  and  I  think  limonite.  Portions  of  the 
slice  contain  much  calcite,  both  in  granular  patches  and  in 
the  form  of  small  crystals,  as  in  No.  345,  but  they  are  not  as 
well  formed  as  those  in  the  last  specimen.  Calcite  is  absent  in 
some  parts  of  the  slice,  but  in  these  parts  numerous  vesicular 
cavities  are  to  be  seen,  which  doubtless  represent  patches  of 
calcite  that  have  been  removed  by  aqueous  agencies. 

The  rock  looks  as  if  it  had  resulted  from  the  decomposi- 
tion and  waste  of  calcareous  and  siliceous  organisms,  and 
Dr.  Hinde  has  detected  in  this  slice  "  fragments  of  polyzoa, 
echinoderm  structure,  and  probably  entomostracan  shells," 
but  he  could  not  "  find  any  siliceous  organisms." 

347.  From  A, 

The  hand  specimen  shows  the  junction  of  a  dark  slaty 
rock  with  a  lighter  coloured  rock  with  bauds  in  it.  The 
latter  portion  contains  numerous  cubes  of  iron  pyrites,  and 
the  former  wavy  lines  of  carbonaceous  material  at  right 
angles  to  the  banding  of  the  lighter  coloured  rock.  Both 
portions  effervesce  freely  with  hydrochloric  acid. 

Examined  under  the  microscope  the  slice  is  seen  to  be 
permeated  throughout  by  calcite.  The  slice  sliows  the  junc- 
tion of  the  dark  rock,  or  the  dark  band,  with  the  lighter 
coloured  banded  rock,  very  clearly.  There  is  a  shaded  line 
of  demarcation,  but  there  is  no  very  material  difference  in 
structure  between  the  two.  The  dark  portion  is  made  up  of 
carbonaceous  material,  arranged  in  thin  lines  that  resemble 
somewhat  the  meshes  of  a  net.  The  base  is  calco-siliceous, 
dotted  over  with  more  or  less  rounded  aud  clear  grains. 
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These  grains  are  in  some  instances  calcite  (in  micro- 
polysynthetic  grains  suggestive  of  an  original  organic 
structure),  and  in  other  instances  quartz.  The  quartz 
grains  are  generally  crystalline,  but  are  occasionally  formed 
of  amorphous  silica. 

The  banded  portion  seems  to  be  made  up  largely  of 
granular  calcite,  mixed  with  very  irregular -shaped  grains 
of  crystalline  quartz.  They  contain  some  liquid  cavities 
with  bubbles.  The  carbon  seems  to  be  confined  to  the 
dark  bands. 

Neither  the  slice  nor  the  hand  specimen  contain  any  of 
the  greenstone. 

348.  From  A. 

A  dark  chert  with  a  hardness  of  nearly  7. 

It  effervesces  freely  with  acid. 

I  his  is  evidently  the  same  rock  as  345  and  346.  The 
V»a-e  is  ])ure  chert.  In  it  a  considerable  amount  of  calcite  is 
disseminated,  together  with  micro-crystals  of  calc  spar,  but 
they  do  not  present  the  same  perfect  shapes  as  in  345. 
Tliere  is  a  considerable  amount  of  pyrites,  magnetite,  and 
ferrite  pseudomorphs  after  magnetite.  The  iron  is  mostly 
in  well-shaped  crystals. 

349.   CJicrty  hand  from  E,  quarry  No,  2. 

This  slaty  rock  has  a  hardness  of  5-5.  It  does  not 
effervesce  with  acids. 

It  does  not  contain  any  calcite.  Streaks  and  spots  of 
ferrite,  and  of  an  opaque  white  substance  resembling  leu- 
coxene,  are  to  be  seen  under  the  microscope.  There  are  also 
meshlike  fine  lines  of  what  appears  to  be  carbon.  There  are 
numerous  v^eins  (shrinkage  veins  apparently)  stopped  with 
quartz,  and  which  also  contain  some  pro-chlorite,  ferrite,  and 
magnetite. 

This  rock  appears  to  have  been  a  mud  deposit  with 
streaks  of  iron  and  of  carbon  in  it,  and  is  now  indurated  and 
highly  silicified.  It  does  not  now  contain  any  organic 
remains. 
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371.   Whitish  rock  toeathering  rusty-braum,  interbedded 

with  altered  slates  from  E. 

This  rock  is  mainly  composed  of  the  carbonates  of  iron, 
lime,  and  magnesia.     It  also  contains  some  iron  pyrites. 

At  the  bottom  of  the  thin  slice  prepared  for  the  micro- 
scope there  is  a  thin  layer  of  more  cherty  appearance, 
containing  granules  and  crystals  of  one  of  the  carbonates. 


Part  III. 

DINAS     HEAD. 

The  annexed  diagram,  which  is  outlined  from  the 
25-inch  Parish  Map,  gives  the  approximate  relations 
of  the  various  rocks  composing  Dinas  Head,  which  is 
a  promontory  jutting  out  westward  into  the  sea  from 
Trevose  Head,  four  miles  west  of  Padstow. 

Soda  Rock. 

About  an  acre  of  this  headland  is  composed  of  a 
peculiar  rock,  which  has  been  fully  described  else- 
where *  ;  suffice  it  to  say  here  that  it  is  a  rock  which 
weathers  white,  and  in  its  compact  form  might  easily 
be  mistaken  for  a  chert.  (Nos.  307,  308  of  the  Notes.) 
It  varies  in  colour  from  creamy  grey  to  light  brown 
and  dark  grey,  and  is  often  studded  with  cavities, 
which  are  filled  with  rusty-brown  material  containing 
crystallised  quartz,  and  passes  into  a  nodular  variety 
with  spherulitic  structure. 

Analyses  of  its  various  varieties  show  it  to  contain 

♦  Geological  Magazine^  Jan.  1895. 
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nearly  ten  per  cent,  of  soda,  and  from  64*4  to  666 
per  cent,  of  silica. 

It  is  interbedded  with  slate  at  A,  and  under 
the  microscope  it  is  seen  to  be  densely  studded 
with  small  rusty-brown  spots,  sometimes  irregular 
and  sometimes  of  such  forms  as  would  be  yielded 
by  rhombs — undoubtedly  pseudomorphs  after  car- 
bonates. It  passes  into  a  nodular  variety  with 
spherulitic  structure  at  F.  (Nos.  337,  338,  339  of 
the  Notes.) 

German  geologists  describe  a  rock  in  the  Hartz 
containing  as  much  as  7*5  per  cent,  of  soda,  which 
they  consider  to  be  a  sedimentary  rock  impregnated 
with  soda  by  the  igneous  rock  which  has  intruded 
into  it,  and  to  this  rock  they  give  the  name  of 
adinole. 

Whether  this  Dinas  Head  rock  is  a  soda-felsite 
(keratophyre),  or  whether  it  is  an  altered  sediment^iry 
rock,  is  a  question  on  which  petrologists  are  not  in 
absolute  agreement.  The  appearance  in  the  field 
and  the  presence  of  ferriferous  carbonates  favour  the 
sedimentary  theory,  the  spherulitic  structure  favours 
the  igneous  theory. 

General  MacMahon's  notes  on  the  various  varieties 
of  this  rock  appended  hereto  lead  us  to  consider  it  to 
be  an  altered  sedimentary  rock  similar  to  the  adinole 
of  the  Hartz.  This  view  is  strengthened  by  the 
examples  of  contact  metamorphism,  already  described 
on  Cataclews  and  Roundhole  Points. 
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Greenstone. 

The  igneous  rock  which  has  intruded  into  the  soda 
rock  is  apparently  an  altered  dolerite.  It  cuts  across, 
bends,  and  disorders  the  beds  of  the  soda  rock.  The 
original  junction  lines  are  often  altered  by  subse- 
quent crushing,  and  thrusts,  thrust  planes  and  fault 
breccias  are  frequent.  The  Notes  on  Nos.  309,  310, 
312  describe  this  rock. 

Slate. 

On  the  isthmus  dividing  this  promontory  from 
Trevose  Head  the  slates  are  more  or  less  friable  and 
decomposed,  and  show  traces  of  barely  preserved 
crinoids  and  other  fossils.  At  D  in  the  map  they 
are  compact,  and  contain  nodules  in  somewhat  the 
same  way  as  the  soda  rock.  (No.  336  of  the  Notes.) 
On  the  northern  side  of  the  promontory  they  are 
interbedded  with  numerous  bands  of  blue  limestone. 

Cherts. 

There  are  bands  of  cherty  rock  associated  with 
compact  slate  and  calcareous  rocks,  which  are  much 
folded,  between  two  almost  parallel  faults  at  Z),  on 
the  extreme  west  of  the  headland.  (Nos.  326,  330, 
331,  332,  333,  341,  342  of  the  Notes.)  These  bands 
vary,  as  on  Cataclews  Point,  from  one  inch  to  several 
inches  in  width,  and  are  much  twisted  and  disordered. 
To  the  north-east  of  Z)  a  dark  cherty  band  forms 
a  loop  (No.  343)  several  feet  long,  enclosing  a  cal- 
careous rock  weathering  rusty-brown.  (Nos.  334,  335, 
344.) 
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Limestones. 

A  section  of  the  blue  limestones  interbanded  with 
the  slates  was  found  by  Dr.  Hinde  to  be  principally 
made  up  of  echinodermal  fragments,  probably  of 
crinoids,  and  there  were  also  portions  of  polyzoa  like 
Fenestella.  (No.  311.)  The  concretions  at  D  are 
probably  dolomitic,  and  under  the  microscope  show 
a  coarsely  crystalline  aggregate,  mainly  composed  of 
a  carbonate,  which  does  not  eflFervesce  with  cold  acid. 

Quartzose  Rock. 

The  quartz  blocks  lying  about  the  southern  slopes 
of  Trevose  Head,  like  sheep  on  the  grass,  are  also 
worthy  of  notice.  One  of  them,  nearest  to  the  road 
leading  to  the  Lighthouse,  is  composed  of  spheroids 
up  to  one  inch  in  diameter,  and  each  of  these  spheres 
is  composed  of  radiated  crystals  of  quartz. 

Mr.  Arthur  F.  Hosking  analysed  this  quartzose 
rock  also  with  the  following  result : 


Loss  on  ignition 

•72 

Silica 

.     96-59 

Oxide  of  Iron,  &c. 

.       164 

Lime 

32 

Magnesia 

20 

99.47 

General  McMahon's  notes  on  these  rocks  are  as 
follows  : 

SODA  ROCKS. 
No.  307.    White  soda  rock  from  C, 
A  pale   creamy-grey  compact  rock  with  a  porcellaneous 
appearance. 

Sp.  Gr.  2-63.     Hardness  7. 
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Under  the  blowpipe  it  fuses  readily  at  the  edge  into 
a  colourless  glass  full  of  bubbles.  The  rock  appears  to 
be  composed  principally  of  silica,  but  a  considerable  portion 
of  it  is  decomposed  in  hot  hydrochloric  acid,  the  solution 
yielding,  on  a  qualitative  chemical  examination,  iron,  lime, 
magnesia,  alumina,  and  potash.  A  tlauie  reaction  indicated 
the  presence  of  soda.  Some  of  the  lime,  and  possibly  some 
of  the  magnesia,  is  present  as  carbonate,  as  the  rock  here 
and  there  effervesces  slightly  with  acid. 

Under  the  microscope  the  slice  is  seen  to  be  dappled  with 
flocculent  spots  of  matter,  opaque  in  transmitted  and  a  pale 
rusty  colour  in  reflected  light.  It  is  probably  nearly  all 
ferrite,  though  boiling  in  hydrochloric  acid  does  not  extract 
the  whole  of  it.  There  are  larger  patches  and  stains  of 
ferrite  here  and  there,  and  it  is  occasionally  arranged  in 
parallel  stripes.  The  slice  contains  some  very  minute 
crystals  that  possess  a  weak  double  refraction.  Some  of 
them  form  six-sided  prisms,  others  are  more  tabular;  but 
the  shape  is  not  sharply  defined.  They  may  possibly  be 
woUastonite. 

The  slice  is  so  thick  that  fine  details  cannot  be  made  out 
owing  to  overlapping ;  but  I  have  studied  under  the  micro- 
scope samples  of  the  rock  reduced  to  fine  powder,  and  other 
samples  after  boiling  in  hydrochloric  acid,  and  from  a  com- 
parison of  these  specimens  with  the  slide,  the  ground  mass 
appears  to  possess  the  crypto-crystalline  cherty  structure, 
that  shows  like  pepper-and-salt  between  crossed  nicols. 
There  is  no  trace  of  organic  remains  in  the  slice.  This  rock 
might  be  called  a  porcellanite. 

No.  308.  From  C. 

This  rock  is  composed  of  a  mixture  of  a  white  and  dark 
chert,  the  darkness  of  the  latter  being  principally  due  to 
iron  staining. 

The  white  portion  has  a  hardness  of  about  5*5,  and 
behaves  under  the  blowpipe  as  No.  307.  It  is  partially 
soluble  in  hot  hydrochloric  acid,  and  contains  besides  silica, 
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iron,  alumina,  lime,  and  a  little  magnesia.  The  flame 
reaction  shows  the  presence  of  soda.  Some  of  the  bases,  or 
a  portion  of  them,  are  in  the  form  of  carbonates.  Under 
the  microscope  the  slice  is  seen  to  be  stained  with  iron  of 
brown  to  reddish  colour  in  transmitted  light,  which  is  doubt- 
less limonite.  There  are  also  numerous  dots  of  a  substance 
opaque  in  transmitted,  and  a  dull  white  in  reflected  light, 
that  looks  like  leucoxene. 

The  slice  is  too  thick  for  fine  details,  but  the  remarks 
made  under  No.  307  apply  generally  to  it. 

I  should  think  the  rock  had  in  the  main  an  organic  origin, 
but  no  organic  structures  can  be  detected  in  the  thin  slices 
examined. 

337.  Ghrey  nodular  rock  from  F, 

A  cherty  rock ;  hardness  6.  Effervesces  in  some  places 
but  not  in  others.     It  weathers  into  small  nodules. 

In  transmitted  light  the  slice  under  the  microscope  has  a 
cloudy,  patchy  appearance.  Portions  between  crossed  nicols 
break  up  into  the  usual  pepper-and-salt,  crypto-crystalline 
structure.  In  other  portions  it  is  more  micro-crystalline, 
and  breaks  up  into  irregular  granules  of  quartz.  There  is  a 
good  deal  of  red  ferrite,  and  some  of  it  often  assumes  the 
shape  of  a  rhomb.  There  are  also  minute  flecks  of  leucoxene. 
The  ferrite  often  stops  fine  cracks. 

This  seems  to  me  to  be  a  fine-grained  siliceous  rock, 
clouded  and  rendered  opaque  by  impurities.  Very  likely  it 
had  an  organic  origin.  Some  Indian  magnesian  limestones, 
that  I  am  familiar  with,  possess  a  very  similar  opacity. 

338.  Grey  nodular  rock  from  F. 

Hardness  6.  Efl'ervesces  with  acid  in  some  places  but  not 
in  others.  It  contains  a  little  iron  pyrites,  wliich  I  have 
not  o])served  in  337. 

The  slice  has  quartz  veins  in  it  that  contain  a  profusion  of 
gas  and  liquid  cavities  with  bubbles  (some  of  them  actively 
moving  ones),  and  cavities  containing  bubbles  and  deposited 
minerals.     This  quartz  is  exactly  like  the  quartz  of  granite, 
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and  is  suggestive  of  intrusion  rather  than  of  infiltration 
along  a  crack.  The  margins  of  the  fine  veins  are  not  hard, 
straight  lines,  but  irregular,  as  if  the  quartz  had  eaten  into 
the  matrix.  I  think  these  veins  are  probably  the  tail  ends 
of  a  granite  vein.  The  temperature  of  the  rock  must  in  any 
case  have  been  high  when  the  quartz  veins  were  formed. 

The  surface  of  the  hand  specimen  and  its  cut  surface  are 
divided  into  rounded  and  roughly  hexagonal  sections,  the 
bounding  planes  of  which  are  stained  by  ferrite.  The  slice 
also  exhibits  here  and  there  a  rough,  irregular  arrangement  of 
some  of  the  semi-opaque  patches,  suggestive  of  spherulitic 
structure.  The  centres  of  these  pseudo-spherulites  are  com- 
posed of  patches  of  the  semi-opaque  felsitic  material,  like 
clouds  in  a  mottled  sky,  without  definite  orientation.  It  is 
only  round  the  margins  of  the  spherulites  that  blade-like 
crystals  of  triclinic  felspar  radiate  inwards.  These  imperfect 
prisms  do  not  exhibit  any  external  crystallographic  faces; 
but  they  are  twinned,  and  the  extinction  in  each  twin  is 
oblique. 

The  base  in  which  the  radiating  blades  of  felspar  are  set, 
is  of  that  peculiar  pepper-and-salt  structure  that  one  hardly 
knows  whether  to  call  micro-granular  or  cry p to-crystalline. 
It  is  a  provoking  structure,  for  one  sees  it  in  such  rocks  as 
cherts,  and  also  in  some  devitrified  igneous  rocks,  and  conse- 
quently it  gives,  taken  alone,  no  clue  to  the  character  of 
the  rock.  In  this  sj)ecimen,  however,  in  several  places 
outside  the  spherulites  the  base  is  seen  to  possess  a  very 
fine  grained  laminated  structure,  which  points  to  an  original 
sedimentary  origin.  I  have  never  seen  anything  resembling 
the  peculiar  fine-lined  laminated  structure  exhibited  in  this 
slice  in  any  igneous  rock. 

On  the  whole,  the  impression  left  on  my  mind  by  the 

examination  of  this  slice,  and  of  some  others  that  Mr.  Fox  has 

kindly  allowed  me  to  see,  is  that  the  peculiarities  observed  in 

them  are  probably  due  to  contact  metamorphism,  acting  on  a 

sedimentary  rock  containing  the  chemical  constituents  of  a 

triclinic  felspar. 

The   spherulites    are    certainly   not    normal    spherulites. 

•»  I, 

•  >    B 
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There  is  no  black  cross  between  crossed  nicols,  and  the 
radiating  blades  do  not  possess  straight  extinction.  The 
hose  inside  each  spherulite,  moreover,  does  not  possess  a 
radiating  or  concentric  structure,  and  differs  in  no  way  from 
the  base  outside  the  spherulite. 

On  the  other  hand,  if  these  spherulites  are  the  product  of 
contact  metamorphism,  the  case  is  a  very  interesting  one,  as 
it  is  the  first  instance  of  the  kind,  so  far  as  I  know,  that  has 
been  observed. 

I  have  not  seen  the  rocks  in  the  field,  and  only  offer  the 
ftbove  suggestions  for  what  they  may  be  worth. 

339.  &i'ey  nodidar  spherulitic  rock  from  F. 

Hardness  6.  Effervesces  in  some  places  but  not  in  others. 
This  specimen  is  closely  related  to  the  last,  but  the  dice 
does  not  contain  quartz  veins. 

The  spherulites  are  in  rounded,  elliptical,  or  irr^lar 
shapes.  Some  of  them  are  of  hexagonal  form,  but  the  faces 
are  unequal  in  size.  The  felspar  blades  radiate  towards 
points  that  are  not  always  the  centres  of  the  spherulites. 

The  remarks  recorded  under  338  apply  also  to  this 
specimen. 

GREENSTONE. 

No.  309.  Fj'om  a  little  south  of  C, 
This  rock  is  so  highly  altered  that  nothing  more  can  be 
made  out  than  that  it  was  an  igneous  rock. 

Little  lath-shaped  prisms  of  what  were  once  felspars  are 
starred  about  in  all  directions,  but  the  felspar  substance 
has  disappeared.  No  augite  is  to  be  recognised,  and  the 
secondary  products  cannot  be  definitely  referred  to  that 
mineral.  The  rock  must  have  contained  a  good  deal  of 
ilmenite,  for  leucoxene  pseudomorphs  remain,  with  little 
specks  of  ilmenite,  or  of  magnetite,  dotted  about  in  them. 
There  is  also  some  secondary  magnetite  and  some  iron 
pyrites.  The  rock  contains  sufficient  carbonate  to  effer\'esce 
freely  with  acids,  but  none  of  it  can  be  definitely  recognised 
under  the  microscope  as  calcite. 
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No.  310.   West  of  C. 

A  compact  greenish-grey  rock  with  a  somewhat  mottled 
appearance.  This  is  a  highly-altered  igneous  rock,  probably 
a  basalt.  The  original  felspars  are  in  lath-shaped  prisms, 
and  are  very  much  altered;  but  in  some  the  remains  of 
plagioclase  twinning  is  still  to  be  seen.  The  angle  of 
extinction  ranges  from  0**  to  13^  I  do  not  think,  however, 
that  in  a  rock  so  highly  altered  the  angle  of  extinction  can 
be  relied  on  for  the  determination  of  the  felspar  species. 
Most  of  the  prisms  are  pseudomorphs  after  felspar  rather 
than  felspars,  and  the  arrangement  of  an  orthorhombic 
secondary  mineral  (pseudomorph)  parallel  to  the  axis  of 
the  host  would  produce  straight  extinction,  and  so  lead 
to  what  might  be  a  very  erroneous  impression,  namely, 
that  the  original  felspar  was  orthoclase. 

The  slice  contains  numerous  patches  of  what  were  once 
augites,  but  what  are  now  brown,  or  yellowish  to  greenish- 
brown,  products  of  decomposition.  These  pseudomorphs  act 
feebly  on  a  single  nicol,  but  do  not  polarize.  The  original 
augites  crystallized  upon  the  felspar  prisms. 

There  are  veins  and  patches  of  quartz  containing  liquid 
and  gas  cavities. 

•The  slice  is  full  of  irregular-shaped  lacunse,  stopped  with 
a  matted  fibrous  chlorite,  the  matted  fibres  producing 
compensation,  and  remaining  bluish-black  between  crossed 
nicols. 

This  specimen  contains  very  numerous  leucoxene  pseudo- 
morphs after  ilmenite,  the  characteristic  grating  structure 
of  ilmenite  remaining.  Iron  pyrites  is  also  plentiful.  It 
is  enclosed  in  grains  and  crystals  of  opaque  dark  red  to 
black  ferric  oxide  and  magnetite.  The  former  is  probably 
hijematite,  but  it  is  impossible  by  mere  inspection  to  dis- 
tinguish between  this  and  the  more  hydrated  forms,  turgite 
and  gothite.  The  change  from  pyrites  to  haematite  has 
probably  been  brought  about  by  the  action  of  bicarbonate 
of  lime,  as  suggested  by  Dana.  {System  of  Min.y  6th  Edit., 
1892,  p.  87.) 

3  B  2 
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This  rock  reminds  me  very  much  of  some  highly-altered 
lavas  in  the  Sutlej  valley  at  Suni,  near  Simla,  of  Carbon- 
iferous Age.  In  botli  the  augite  has  been  reduced  to  a 
similar  brown  product  of  decomposition,  and  the  two  rocks 
in  their  present  condition  present  a  close  resemblance  to 
each  other. 

312.  From  near  E, 

Very  much  the  same  rock  as  No.  310.  There  are  numer- 
ous pseudomorphs  of  leucoxene  after  ilmenite,  a  little 
magnetite,  and  some  ferrite.  The  rock  effervesces  freely 
with  acids,  and  under  the  microscope  caJcite  in  a  granular 
condition  can  be  detected  here  and  there. 

The  felspar  prisms  are  larger  than  in  310.  There  are 
patches  of  brown  matter,  as  in  310,  that  may  once  have 
been  augite,  but  the  augite  is  altered  out  of  recognition,  and 
in  places  it  is  mixed  up  with  granular  calcite.  The  rock  is 
very  highly  altered. 

CHERTS. 

No.  326.  Chert'like  nodular  rock  from  C. 

This  specimen  weathers  white  like  a  flint.  Hardness  6. 
Fuses  to  a  colourless  glass  full  of  bubbles.  Only  effervesces 
here  and  there. 

Microscope.  Between  crossed  nicols  the  slice  exhibits  a 
crypto-crystalline  structure,  polarising  in  minute  shapeless 
dots  on  a  dark  ground,  forming  a  sort  of  pepper-and-salt 
mixture. 

The  slice  is  dappled  over  with  dots  of  an  opaque  material 
resembling  leucoxene,  and  showing  the  coralline  stnicture 
described  mite  (No.  350)  under  the  head  of  Roundhole 
Point.  There  is  also  a  good  deal  of  orange  -  coloured 
ferrite. 

The  quartz  in  the  rounded  masses  is  full  of  impurities, 
and  is  surrounded  with  strings  of  ferrite.  It  is  probably 
due  to  infiltration. 

This  appears  to  be  a  porcellanite,  closely  allied  to 
No.  307. 
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No.  330.  From  R 

A  dark  cherty  rock.  Hardness  5.  It  does  not  dissolve 
in  either  cold  or  hot  hydrochloric  acid.  Under  the  blowpipe 
it  whitens  at  the  edge,  and  fuses  to  a  white  somewhat 
opaque  gl«iss  containing  bubbles. 

The  slice  under  the  microscope  assumes  between  crossed 
nicols  the  crypto-crystalline  (pepper-and-salt)  structure. 
Dotted  over  it  are  irregular-shaped  dark  patches. 

The  rock  contains  a  considerable  amount  of  iron  products 
of  various  kinds :  leucoxene  in  coral-like  forms ;  red  ferrite 
in  irregular-shaped  patches ;  and  magnetite  in  small  rounded 
clusters  of  dots. 

There  is  quartz  in  veins  and  in  rounded  micro-crystalline 
aggregations. 

The  whole  slice  looks  as  if  it  had  an  original  organic 
origin,  but  no  organisms  can  be  made  out. 

No.  331.  From  R 

This  is  a  carbonaceous  calcareous  cherty  rock.  It  effer- 
vesces, but  does  not  dissolve  in  hot  hydrochloric  acid.  Its 
hardness  is  about  6,  and  under  the  blowpipe  it  fuses  at  the 
edge. 

The  rock  has  a  siliceous  base,  which  in  polarised  light 
breaks  up  into  the  usual  fine-grained  pepper-and-salt 
mixture  of  micro-granular  quartz.  It  contains  very  numer- 
ous patches  of  calcium  carbonate.  The  cracks  are  stopped 
in  part  with  quartz,  and  in  part  with  calcite.  There  are 
some  round  bodies  filled  with  micro-crystalline  quartz, 
which  may  represent  the  remains  of  organisms. 

The  colouring  matter  is  mainly  carbon.  Boiling  in  con- 
centrated hydrochloric  acid  does  not  remove  or  even  sensibly 
lighten  it  in  colour,  but  heating  it  to  redness  for  some  time 
removes  all  the  colouring  matter.  There  are  some  attempts 
at  the  formation  of  colourless  crystals.  These  remain  dark 
when  revolved  between  crossed  nicols,  and  are,  I  think, 
imperfectly  developed  crystals  of  tridymite. 
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332.  From  J9. 

A  dark  carbonaceous  cherty  rock,  hardness  6.  Fuses  at 
edge  to  a  white  glass  full  of  bubbles.  Does  not  effervesce, 
and  is  not  dissolved  in  hydrochlpric  acid.  The  hand 
specimen  has  some  calcite  on  one  of  its  faces. 

Microscope,  The  slide  contains  patches  of  calcite  here 
and  there,  and  the  veins  are  partially  composed  of  calcite, 
and  in  part  of  quartz.  The  latter  contains  numerous 
inclusions,  some  with  bubbles.  There  are  also  six-sided 
clear  tabidar  crystals  which  do  not  polarise,  that  are 
probably  tridymite. 

The  colouring  matter  is  principally  carbon.  Acid  does 
not  remove  it,  but  the  major  part  of  it  is  driven  off  by  heat. 
There  are  some  tabular  crystals  in  the  ground  mass  in 
rhombs  and  in  short  prisms  that  do  not  polarise  between 
crossed  nicols ;  they  are  probably  imperfectly-formed  prisms 
of  felspar. 

The  ground  mass  between  crossed  nicols  breaks  up  into 
the  usual  pepper-and-salt  mixture. 

333.  From  D. 

A  dark  carbonaceous  cherty  rock,  with  numerous  quartz 
veins  filling  cracks;  hardness  about  6.  Fuses  at  the  edge 
to  a  dirty- looking  magnetic  bead.  It  is  not  dissolved,  and 
does  not  effervesce  in  acid. 

The  slice  contains  numerous  patches  and  small  veins 
coloured  with  ferric  oxide.  In  other  respects  this  shoe  is 
very  much  like  the  last,  both  niacroscopically  and  micro- 
scopically. In  both  slices  the  carbonaceous  material  is 
arranged  in  tlie  streaky  way  characteristic  of  a  sedimentary 

rock. 

341.     From  D. 

A  dark  carbonaceous-looking  chert.  The  rock  contains  a 
considerable  quantity  of  granular  calcite  in  patches,  and 
effervesces  freely  with  acids.  Under  the  blowpipe  it  fuses 
readily  at  the  edges  to  a  dirty-white  glass  with  bubbles  in  it. 
The  flame  is  coloured  by  alkali. 
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Under  the  microscope  the  slice  is  seen  to  contain  dots  and 
strings  of  carbon.  Calcite  more  or  less  permeates  the  whole 
body  of  the  rock.  It  is  slightly  rusty  in  colour,  and  from 
its  structure  I  should  think  it  probably  had  an  organic 
origin.  Tiny  dots  of  leucoxene  and  patches  of  red  ferrite 
are  scattered  over  the  slide.  Hydrochloric  acid  extracts 
considerable  quantities  of  iron  from  the  rock. 

This  is  an  impure  carbonaceous  chert.  The  quartz  seems 
to  be  principally  present  in  the  amorphous  state,  and  the 
carbon  is  also  in  the  amorphous  condition.  When  examined 
with  high  powers  it  is  seen  to  l)e  of  flocculent  and  woolly 
structure. 

342.  Frcmi  D, 

A  very  dark  carbonaceous-looking  rock.  The  weathered 
surface  is  very  suggestive  of  organic  origin. 

The  slice  contains  veins  and  patches  of  calcite,  and  this 
mineral,  in  a  finely-divided  condition,  seems  generally 
diffused  through  it.  There  are  also  clear  spaces  stopped 
with  crystalline  calcite.  There  are  a  good  many  crystals  of 
iron  pyrites.  The  carbonaceous  material  is  more  generally 
diffused  than  in  the  last  specimen,  but  it  runs  together  into 
sinuous  strings  here  and  there. 

The  slice  contains  some  organic  remains — those  of  shells 
and  other  organisms.  Some  of  the  latter  are  round,  and 
some  are  annular,  but  all  are  in  too  imperfect  a  state  of 
preservation  to  be  identified.  They  are  all  stopped  with 
calcite,  which  has  a  finely -granular  or  micro -tesselated 
structure;  that  is  to  say,  all  the  organisms  have  been 
replaced  by  calcite  in  micro-granules. 

343.  Frovi  D. 

A  rather  dark-looking  chert. 

This  appears  to  be  an  ordinary  chert.  Macroscopially 
considered,  it  is  compact  with  a  flinty  structure. 

Under  the  blowpipe  it  fuses  at  the  edge  to  a  dirty  looking 
glass,  but  not  so  readily  as  the  other  specimens. 
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Under  the  microscope  the  base  is  dark  between  crossed 
nicols,  with  small  specks  of  doubly-refracting  material  visible 
here  and  there.  There  are  flocculent  patches  of  leucoxene 
dotted  over  the  slice,  of  older  date  than  the  cracks  in  the 
rock. 

The  slice  is  also  spotted  with  numerous  concretions  of 
calcium  carbonate.  Most  of  them  are  of  irregular  shape, 
but  some  are  in  the  form  of  rhombs.  The  internal  structure 
of  both  kinds  is  micro-granular.  This  calcite  is  clearly  a 
secondary  product,  and  of  later  origin  than  the  cracks  in 
the  rock.  Where  the  cracks  are  not  filled  with  granular 
calcium  carbonate  they  are  stopped  with  quartz. 

A  little  iron  pyrites,  magnetite,  and  ferrite  are  to  be 
seen  here  and  there.  The  latter  often  border  the  calcite 
patches. 

Under  high  powers  the  base  of  amorphous  quartz  is  seen 
to  be  profusely  dappled  with  minute  specks  of  a  doubly 
refracting  substance. 

The  slice  does  not  contain  any  recognisable  organic 
structures. 

SLATES. 

336.  From  D. 

This  is  a  carbonaceous  mudstone  which  weathers  in  rusty 
nodules  in  the  same  manner  as  the  soda  rock.  The  hardness 
of  the  hand  specimen  is  only  25.  On  the  cut  face  there 
are  apparently  the  distorted  remains  of  what  appear  to  be 
fossil  shells,  the  outlines  being  marked  by  red  ferrite.  The 
calcareous  parts  have  been  removed.  The  rock  appears  to 
contain  some  finely  disseminated  calcium  carbonate,  as  it 
effervesces  in  acid.  The  carbonaceous  material  is  in  fibrous 
patches. 

The  ground  mass  contains  ferrite,  and  a  doubly -refracting 
substance  in  minute  patches  and  irregularly-shaped  fibres, 
which  is  probably  mica. 

The  slice  does  not  contain  anything  of  particular  interest. 
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UMESTONES. 

No.  311.  Limestone  from  E. 

Under  tlie  microscope  this  has  a  micro-nodular  appearance 
as  if  it  were  originally  made  up  of  fragments  of  organisms, 
cemented  together  with  clear  calcite.  The  nodules  them- 
selves are  mainly  composed  of  calcite,  sometimes  crystallised 
and  sometimes  in  a  granular  condition. 

The  rock  contains  a  large  amount  of  iron  as  ferrite, 
magnetite,  and  pyrites.  Its  dark  colour  is  due  in  part  to 
the  iron,  and  in  part  to  the  presence  of  carbon  in  a  finely 
granular  condition. 

The  rock  dissolved  readily  in  cold  dilute  hydrochloric 
acid,  which  took  up  a  large  part  of  the  iron.  The  rest  was 
removed  by  heating  for  some  time  in  concentrated  nitro- 
hydrochloric  acid.  There  remained  behind  carbon  and 
quartz.  Nearly  the  whole  of  the  former  was  dissipated  by 
keeping  the  powder  at  a  red  heat  for  an  hour. 

The  quartz  residue  proved  interesting,  as  the  bulk  of  it 
was  in  the  form  of  more  or  less  perfect  crystals  consisting  of 
the  prism  and  pyramidal  faces.  Amongst  the  quartz  I  dis- 
covered one  zircon  (probably  of  detrital  origin)  and  one 
small  piece  of  felspar.     None  of  the  quartz  was  waterworn. 

In  the  first  instance  the  quartz  was  probably  in  the 
colloidal  form  and  afterwards  crystallised  in  situ. 

CHERTY  ROCKS. 

334.  From  C,  D. 

A  cherty  rock  containing  a  calcareous  nodule. 

The  cherty  portion  does  not  dissolve  in  cold  or  hot  hydro- 
chloric acid.  The  calcareous  nodule  effervesces  violently, 
but  only  partially  dissolves  in  acid,  leaving  behind  quartz,  a 
white  mineral,  probably  felspar,  and  some  grains  of  what 
look  like  schorl.  The  two  last  are  in  rounded  grains,  and  are ' 
probably  of  detrital  origin.  The  felspar  grains  contain 
microliths.  The  slice  also  contains  a  little  of  what  looks 
like  leucoxene. 


\ 
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The  slice  is  dappled  and  streaked  with  limonite  and  red 
and  yellow  fenrite,  and  contains  some  iron  pyrites. 

The  calcareous  portion  of  the  slide  is  very  largely  made 
up  of  granidar  calcite,  and  there  are  numerous  patches  of  it 
in  the  cherty  portion. 

The  veins  are  stopped  with  quartz,  which  contains 
numerous  liquid  cavities. 

335.  Lenticular  mass  from  D, 

A  calcareous  carbonaceous  cherty  rock. 

This  rock  contains  so  much  calcium  carbonate,  in  the  fona 
of  granular  calcite,  that  it  might  almost  be  called  a  siliceous 
limestone.     A  lump  of  it  eflfervesces  strongly  in  hydrochloric 
acid,   but   it   is   not   broken   up.     A   thin   slice,   however, 
mounted  on  glass,  entirely  breaks  up  in  heated  acid,  leaving 
behind  granules  of  silica,  almost  black  with  carbon.    The 
latter  is  driven  off  on  raising  the  residue  to  a  red  heat, 
leaving  behind  a  few  flakes  of  quartz,  flakes  of  the  cherty 
ground  mass,  and  a  few  shapeless  fragments  of  a  black  sub- 
stance, some  of  which  have  a  sub-metallic  lustre.    The  latter 
is  doubtless  graphite. 

The  flakes  of  ground  mass  present  the  usual  pepper-and- 
salt  aspect  between  crossed  nicols,  but  there  are  also  short 
fibres  of  a  doubly  refracting  substance,  the  exact  nature  of 
which  cannot  be  determined.     It  is  probably  micaceous. 

In  part  of  the  slice  are  some  colourless  embryo  crystals 
with  a  tendency  to  a  prismatic  habit.  They  are  surrounded 
by  ferrite,  and  their  species  cannot  be  determined.  They 
are  doubtless  secondary  metamorphic  products. 

344.  From  D. 

A  pale  bluish -grey  banded  rock,  with  a  hardness  of  about  4. 

This  rock  contains  a  considerable  amount  of  carbonate  of 
lime,  mostly  in  granular  patches.  It  is  very  abundant  in 
some  parts  of  the  slide,  but  is  almost  absent  in  others.  The 
hand  specimen  effervesces  freely  on  the  application  of  hydro- 
chloric acid. 
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The  slice  prepared  for  microscopical  examination  contains 
large  granules  of  iron  pyrites,  a  little  ferrite,  and  very 
numerous  dots  of  what  has  the  appearance  of  leucoxene. 
These  dots  have  a  curious  branching  coralline  structure. 

Some  rounded  bodies  in  the  slice  look  like  the  remains  of 
calcareous  organisms.  Some  irregular  veins  are  stopped 
with  calcite  and  quartz.  The  base  also  contains  some  irre- 
gular granules  of  the  latter  mineral  Some  amorphous 
silica  is  probably  mixed  up  with  crystallized  silica  in  the 
base,  but  the  slice  is  too  thick  to  determine  this  point 
There  is  a  considerable  amount  of  crystalline  matter  in  the 
slice,  but  it  is  in  irregular  shaped  granules,  or  in  filamentous 
aggregates.  Its  size  is  microscopic,  and  its  character  is  so 
indeterminate  that  its  exact  nature  cannot  be  made  out. 

One  of  the  veins  contains  streaks  of  an  isotropic  ser- 
pentinous  substance,  the  presence  of  which  is  undoubtedly 
due  to  infiltration. 

The  striping  and  the  colour  of  the  rock  are  due  to  the 
presence  of  iron.  Digestion  in  nitro  -  hydrochloric  acid 
removes  the  whole  of  the  colouring  matter. 

METAMORPHIC. 

340.  Fissile  green  altered  rock  from  junction  of  soda  rock  and 

greenstone.     North-wtst  of  E, 

Hardness  about  25.     Sp.  Gr.  2*70. 

This  specimen  does  not  effervesce  in  acids.  The  rock  is  a 
pale  French -grey  colour.  It  grinds  down  to  a  white  powder : 
there  is  an  entire  absence  of  grittiness  under  the  pestle,  and 
it  has  a  slightly  unctuous  feel. 

Under  the  blowpipe  it  colours  the  flame  but  does  not  fuse, 
becoming  sligjitly  glazed  on  the  surface.  It  gives  off  very 
little  water  in  a  matrass. 

The  finely  ground  rock  is  only  partially  soluble  in  hot 
and  concentrated  sulphuric  acid  after  several  hours'  diges- 
tion. The  solution  yielded  the  following  bases :  iron, 
alumina  (considerable),  a  trace  of  magnesia,  but  no  lime. 
On    being   fused   with   fusion   mixture,    and    treated   with 


722  Notes  on  Cherts  [Nov.  2, 

hydrochloric  acid,  the  solution  yielded  alumina  (not  much) 
and  a  large  amount  of  magnesia. 

Under  the  microscope  the  ground  mass  is  seen  to  be  a 
felted  mass  of  talc  in  fibres  and  irregularly  shaped  patches. 
It  polarizes  in  the  reds  and  blues  of  the  second  order,  and 
has  straight  extinction  and  the  major  axis  of  elasticity  at 
right  angles  to  the  fibres.  The  slice  is  dotted  over  with 
patches  of  leucoxene,  which  seems  occasionally  to  pass  into 
granular  sphene.  There  is  a  very  little  calcite  and  a  colour- 
less mineral,  without  crystallographic  shape,  that  possesses 
considerable  refraction  but  extremely  feeble  double  re- 
fraction.    It  is  doubtless  zoisite. 

This  rock  is  a  talcose  metamorphic  rock,  and  it  is,  I  think, 
a  matter  for  private  fancy  whether  it  is  called  saponite, 
steatite,  or  a  non-chloritic  variety  of  pot-stone. 


RECAPITULATION. 

It  is  thus  seen  that  the  rock  in  contact  with  the 
igneous  rock  at  both  Roundhole  Point  and  at  Cata- 
clews  Point  becomes  porcellanized,  and  apparently 
passes  into  a  rock,  weathering  white,  which  might 
easily  be  mistaken  for  a  chert,  and  which  appears  pre- 
cisely similar  to  some  of  the  compact  varieties  of  the 
soda  rock  of  Dinas  Head.  At  Roundhole  Point  this 
rock  contains  as  much  as  5  6  per  cent.  ;  at  Dinas 
Head  9*8  per  cent. ;  and  at  Cataclews  Point  15*13 
per  cent,  of  soda.  At  Dinas  Head  this  soda  rock 
covers  nearly  an  acre,  whilst  at  Roundhole  Point  and 
Cataclews  Point  it  is  only  found  exposed  on  a  few 
square  yards  of  the  surface.  The  spherulitic  structure 
on  Dinas  Head  is  confined  to  a  very  small  area.  0\\ 
Roundhole  Point  and  Cataclews  Point  the  soda  rocks 
show  no  indications  of  spherulitic  structure,  nor  is 
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the  soda  rock  on  either  of  these  Points  interbedded 
with  comparatively  unaltered  slate,  as  is  the  case 
with  the  soda  rock  on  Dinas  Head. 

If  the  soda  rock  at  Dinas  Head  be  an  altered 
sedimentary  rock,  we  must  account  for  its  being 
found  interbedded  with  comparatively  unaltered  slate. 

The  following  tabulated  list  of  analyses  will  assist 
the  comparison  of  the  respective  constituents  of  these 
various  rocks : 


Un- 
altered 
Mhale. 

FelHltic 
Tuff? 

Altered  Rock. 

Soda  Rock. 

Trevone 
Bay. 

Round- 
hole 
Point. 

Roundhole 
Point. 

Cata- 

clew8 
Point. 

Cata- 
clews 
Point. 

Dinaa  Head. 

Player. 

Player. 

HoBklng. 

Sutton. 

Colllng- 
ridge. 

Player. 

Hoaking 

• 

N(8. 

XIII. 

XII. 

XI 

X. 

VIII. 

VII 

IV. 

I. 

II. 

III. 

cies  at  lOO**  C . 

•6 

1-3 

1-8 

•5 

•  •  • 

«  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

<:fes8  on  ignition 
SiO, 

5-5 

39 

31 

2-4 

4-30 

•  •  • 

•8 

1^7 

1-3 

1-6 

51-9 

69-7 

58-1 

58  6 

6680 

65-5 

66-6 

64*4 

64  8 

64-6 

TiOa 

•8 

•7 

•4 

•4 

B   •    • 

B   •   • 

•8 

10 

1-6 

1^2 

CO, 

8-1 

•  •  • 

•  •  • 

•  •  • 

•    B    • 

•   •   ■ 

•    B    • 

•  •  • 

•  •  • 

•  •  • 

AI.O3       . 

FCaOj        . 

21-5 

•8 

26-3 

•7 

27-6 

•  •  • 

190  \ 
...  \ 

2700] 

20-4 

19-6 
•9 

20-2 

•  •  • 

19-9 

•  •  • 

204 

•  •    B 

FeO 

5-1 

•6 

1-2 

7-9 

•    •    • 

•  •  • 

•2 

•7 

•7 

•7 

FeSa 

•6 

•  •  • 

•    B    • 

•  •  • 

•   •    • 

•  •  • 

•  •  • 

•  •  • 

« •  • 

•  •  • 

MnO 

*  •  • 

•  •  • 

•    •    • 

•  ■  • 

•74 

•  •  • 

•  •  • 

•  •  • 

•   B    • 

•  •  • 

CaO 

3  1 

•4 

1- 

1-2 

•  •  • 

•  •  • 

•4 

1-6 

•7 

13 

MgO 

2-5 

•9 

•7 

2  2 

•  •  • 

•  •  • 

•3 

•2 

•1 

•1 

KaO 

NaaO 

33 
•3 

5-4 
•4 

2-5 
3-6 

18 
5-6 

4-96 
5-90 

•26 
15-13 

•7 
9^8 

1 10^4 

10-2 

10  !• 

991 

99-3 

99-9 

99  6 

99-70 

101-29 

100-1 

100-2 

99-2 

100  00 

No.  XIII. —fossiliferous  shale  of  Trevone  Bay. 

XII.  —soft  grey  rock  from  (E)  Roundhole  Point. 
XI.     —  porcellanized  rock  from  (D)  Roundhole  Point. 
X.       —rock  weathering  white,  with  chert-like  structure   from   (B) 
Roundhole  Point  (No.  350  of  Notes). 

VIII.  —greenish-grey  porcellanized  rock  in  contact  with  igneous  rock 
at  Cataclews  Point. 
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tt 
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The  potash  in  one  of  these  three  specimens  was  0^47  per  cent. 
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Notes  on  Cherts. 
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No. 

VII. 

f* 

IV. 

*i 

I. 

fi 

II. 

*i 

IIL 

-'rock  weathering  white,  with  chert-like  stmctare  from  (D) 

Cataclews  Point, 
—compact  rock  onweathered.  with  chert-like  structure  from  (C) 

Dinas  Head  (resembling  No.  807  of  Notes), 
—rock  with  cavities,  weathering  white,  with  chert-like  stmctan^ 

and  with  prominent  rusty  coloured  nodules  from  (C)  Dinu 

Head, 
—compact  dark  grey  rock,  with  chert-like  structure,  weatheriiig 

white,  from  (B)  Dinas  Head, 
—grey  nodular  rock,  showing  sphcrulitic  structure  from  (F) 

Dinas  Head  (Na  838  of  Notes). 


Oherti. 

SpheraMiI 
QoartKMe  RocL 

RoQwUiols 
Point. 

CatMlews 
Point 

Trerow  BmL 

No.  IX. 

.     NO.V. 

Ka  VI. 

Loss  at  100**  C 

•8 

•  •  • 

•  •  • 

Loss  on  ignition 

10 

10  62 

•72 

SiO,       . 

98*6 

75-85 

96  59 

AlaOa      .            .        . 

2-2 

•  •  • 

•  •  • 

FeO        .            .        . 

•4 

■  •  • 

1-64 

CaO 

1-8 

12.22 

•82 

MgO       .            .        . 

•7 

•56 

•20 

K,0        .            .        . 
Na^O      . 

!     - 

•  •  • 

99  5 

98-90 

99  47 

No.  IX.  -dark  chert  from  (B)  No.  S81  of  Notes. 


.,  V.   - 


I* 


t* 


(a) 


fi 


345 


If 


,,  VI.  —radiated  spheroidal  quartzose  rock. 
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